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PREFACE.

Tre material in this compilation was, for the greater part, prepared
almost twenty years since, by Prof. S. W. Johnson and myself as a text-
book for the students in our laboratory. Circumstances prevented its
publication at that time, but it has served as the basis of a course of
lectnres and practical exercises annually given in the Sheflield Laboratory.

The plan of instruction has been to have the student work through a
course of Qualitative Blowpipe Analysis as introductory to Determinative
Mineralogy. For the latter subject we have employed vox KoskLr's
Tafeln Zur Bestimmung der Mineralien, many of the students taking
the work in the original, while others made use of either Erni’s or Elder-
borst’s translations. These “Tables” were translated by Prof. Johnson
and myself while we were students of Prof. von Kobell in 1853-4, at
Munich, and it was after our suggestion, in 1860, to Prof. Elderhorst,
that he introduced von Kobell’s “ Tables” into the second cdition of his
“ Manual,” although he did not avail himself of our translation, which was
then offered to him for that purpose.

The “ Tables ™ as now presented are based on the tenth German edition
of von Kobell’s book. Additions of new species have been made, and in
many cases fuller details are given in regard to old specics, and the whole
material has been thrown into an entirely new shape, which it is believed
will greatly facilitate the work of the student. The preparation of the
Tables in this form, the idea of which was suggested to me by Prof. W.
T. Roerper, has been performed, under my supervision, by my assistant
Mr. Groree W. IIawes, who has also aided me greatly in revising the rest
of the work, and in the reading of the proof-sheets.

The main authorities used in the original preparation and later revision
of the chapters on Blowpipe Analysis were the works of DerzeLivs and
Prarrser.  The third and fourth editions of Plattner, the latter edited by
Prof. Ricnter, have been chiefly consulted. The complete work of
Plattner, with still later additions by Prof. Richter, has been made acces-
sible to English reading students through an excellent translation by Prof.
I1. B. CorxwaLL, and this cannot be too highly commended to those who
desire to become fully acquainted with this important subject.
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In Determinative Mineralogy, besides the works of von Kobell, free use
has been made of the treatises of Naumann and DANa, especially of the
pyrognostic characters contributed by myself to the latter work. This
constitutes, in accordance with the original plan of Professor Dana and
myself, the Determinative Part of his System of Mineralogy. It is pro-
posed at some future time to add to the volume methods for the deter-
mination of minerals by their physical characters.

In conclusion, I take great pleasure in acknowledging my indebtedness
to my colleague, Prof. 8. W. Jonnson, who has not only generously given
me his share in the original work, but has constantly aided me by his
advice in the revision here presented.

SHEFPIELD LABORATORY OF YALE COLLEGE,
NEW HAVEN, December 15, 1874.
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BLOWPIPE ANALYSIS.

Chapter 1.

APPARATUS AND REAGENTS.

THE MOUTH BLOWPIPE.

L Tais little instrument, for centuries employed only by artisans in soldering,
and other operations requiring an intense heat, has more recently become an in-
valuable means of scientific research.*

It is now of the greatest service to the chemist and mineralogist, not only for
the recognition of minerals, and the detection of their ingredients, but even for the
quantitative separation of several metals from their ores.}

The blowpipe serves chiefly for ascertaining the general nature of a hody, by
revealing some one or more of its ingredients; more rarely it helps to detect all
the constituents of a very complex compound, although in but few cases is it pos-
sible by its use alone to decide that besides the substances found in a body, no
others are present.

The blowpipe enables us in a moment, with no other fuel than that furnished by
a common lamp or candle, to produce a most intense heat. In the blowpipe flame
not only are most refractory bodies (platinum) melted or volatilized, but the most
opposite chemical effects (oxidation and reduction) may be produced. Almost all
mineral substances may be made to manifest some characteristic phenomena under
its influence, either alone or in presence of certain other substances (reagents),
and their nature may be thus surely and easily detected.

2. The Common Blowpipe (Fig. 3) is a conical curved tube of brass, ter-
minating in an orifice as large as a small needle. This simple instrument, when
well constructed, answers most ordinary purposes. If used a long time without
interruption, the moisture of the breath gathers in drops in the narrow part of
the tube, and is finally projected into the flame.

3. In the Chemical Blowpipe a chamber is fixed near the extremity of the
instrument which collects the condensed moisture. The most usual form of this

* For a brief history of the use of the blowpipe, see Berzelius' work, translated by J. D.
Whitney, Boston, 1845. A more complete history is found in Kopp's Geschichte der Chemie,
II.f%. Braunschweig, 1844i h

or Plattner's methods of assaying gold, silver, copper, lead, bismuth, tin, cobalt, nickel,
and iron ores, ivibh the help of the blowpip;, see his work cited in the pretu;e. '
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instrument is shown in Fig. 1 (half size), in which A represents the condenser. To
admit of emptying this reservoir, it is connected with the tibes by the ground

joints b and ¢. The instrument is also furnished with
a movable jet, a section of which, in correct dimensions,
is shown at D. This admits of ready cleaning without
injury in case of stoppage. Berzelius recommends it
to be made from solid platinum, as it then may be
easily freed from the soot which is apt to collect upon
it, by igniting it in the flame of a spirit lamp, where-
by the impurities are burned away. Platinum jets
made of foil are too thin at the point, and are thus lia-
ble to be easily damaged.

Brass jets are very durable and inexpensive, and
may be cleaned, not indeed by heating, but by means
of a sharpened splinter of soft wood, which should be
introduced for that purpose at the larger end of the jet.

The internal form of the jet is not unimportant. The
best shape is that of the section seen in the figure; it
is such that the flame produced in using it is always
well defined and conical, even when the blast is strong-
est. The jets of the blow-pipe found at the instrument-
makers’ usually need enlarging at the orifice. This is
conveniently done with the help of a slender three-
edged drill, which may be readily made by grinding
down the sides of a large needle.

4. The instrument as shown in Fig. 1, without the
trumpet mouthpiece, is of the origiual form proposed
by Gahn, and employed by Berzelius. The beginner
is liable to be fatigued in using it, as it requires con-
siderable effort to keep the lips closed about the cylin-
drical tube for a long time. Plattner recommends the
mouthpiece shown in the figure. It is made of horn
or ivory, thirty-five millimetres in its outer diameter,
and particular care must be taken that it has the proper
curvature, 80 that in placing it against the lips it may
not give an unnecessary or unequal pressure.

A very good mouthpiece may be made from a piece
of glass tube, two inches long, and of just such diam-
eter as fits the blowpipe tube. I¢ is strongly and uni-
formly heated for half its length in the flame of a lamp,

and when quite soft is flattened between two smooth metallic surfaces, to
give it the form shown in Fig. 2. The other end is cemented into the
blowpipe by means of a little sealing wax. This kind of mouthpiece is
free from the disagreeable taste of the brass, and when inserted between

causes them very little fatigue.
5. The blowpipe is usually made of brass,

the lips it displaces them but slightly from their customary position, and

or preferably of German

silver. The length of the instrument should be measured by the visual
distance of the operator; from seven to nine inches is the ordinary length.

6. In Figs. 3 and 4 is shown how a common blowpipe may be mate-

5, Tially improved with but little trouble. A blowpipe being selected that
"™ gives a good flame, it is cut in two so that the wider part of the tube has

1gth equal to the visual distance of the operator.

The narrow tube is then
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reversed, and tightly fitted into the wider end of the long tube by means of a
perforated cork, thus forming a reservoir for moisture, as seen at a in the figure,

7. Bunsen's gas blowpipe, in which illuminating gas issues from a tubular
burner which surrounds the jet of the blowpipe, is sometimes convenient for
laboratory use.

BLOWING.

8. Tn blowpipe operations it is often necessary to maintain an uninterrupted
stream of air for several successive minutes. To be able to do this easily, requires
some practice. It is best learned by fully distending the cheeks and breathing
slowly through the nose for a time. When one is accustomed to keeping the

Fig. 8 Pig. 4. Fig. 5

cheeks inflated, the mouthpiece of the blowpipe may be inserted between the lips,
and the same thing repeated without attempting to blow or do more than keep
the mouth full. Since the air now escapes through the blowpipe, the cheeks
gradually fall together and must be again distended, yet without interrupting the
outward current. This is accomplished by shutting off the communication be-
tween the mouth and the lungs by the palate, and inhaling thvough the nose.
From the lungs thus filled the mouth is from time to time supplied, yet without
any effort on the part of the muscles of the breast. A few hours’ practice generally
suffices to acquire the art of blowing. Beginners should keep in mind that the
stream of air requires scarcely more force to produce it than results from the
natural tendency of the inflated cheeks to collapse.



4 BLOWPIPE LAMPS AND FUEL.

The lips should not be closed too firmly about the mouthpiece, else they are
speedily fatigned. To the experienced operator continuous blowing is hardly an
effort. *

THE FUEL.

9. When more convenient material is not at hand, stearine candles of good
qrality will answer for most purposes. Paraffine candles give a higher heat, but
they soften in warm weather, and melt, and run down inconveniently. The
common tallow candle may often suffice in an emergency, but requires constant

snuffing.

Fig. 6. ()f sise.) Fig. 7. (X size.)

10. A better fuel is olive or rape-seed oil burned in a lamp having a single cir-
cular wick rather more than a quarter of an inch in diameter, if the wick tube
and lamp be so arranged that the charcoal and other supports used in blowpipe ex-
periments can be brought close under the deflected flame. Fig. 5 represents the
form of the blowpipe lamp propesed by Berzelius, and improved by Plattner. It
is adapted for a portable blowpipe apparatus, since it is free from leakage, and
capable of packing into a small space. The cistern A is of tinned sheet iron, and
the wick tube and filling orifice are closed by screw caps.

11. The most convenient combustible is illuminating gas. A burner of the form
given in Fig. 6 is used. It is about four inches high ; the tube is flattened at the
top and made a trifle lower on the left side, so that the blowpipe flame may be
turned downward when necessary. A cock in the tube at the foot is useful. Such
a lamp has the advantage of dispensing with all trimming and other inconvenien-
ces attendant on the use of an oil lamp. The ordinary Bunsen gas-burner (Fig.
7) is often provided with an extra tube to slip over the small gas jet in the in-

* Luca has described a blowpipe intended to maintain a steady stream of air with inter-
mittent blowing, but this and other contrivances are unnecessary when the student has suf-
ficient enterprise and patience to learn to blow the ordinary instruments, and no others will
be likely to make much progress in blowpipe analysis.




THE BLOWPIPE FLAME. 5

terior of the burner, in such a manner as to shut off the access of the air ; the gas
is then burned from the upper end, which is shaped as in the figure. The only
objection to this lamp is, it is a little too high, although it may answer for all or-
dinary purposes.

A simpler blowpipe gas lamp may be easily made by selecting an iron or brass
tube, eight inches in length, and three-eighths of an inch in bore, bending it at a
right angle at the middle, and passing it through a block, properly cut, or placing
it in a mould, which is then filled with melted lead. The top of the tube is then
flattened, and the proper inclination given to the orifice by filing. Fig. 8 shows a
lamp thus constructed.

THE BLOWPIPE FLAME.

12. When an ordinary lamp or candle is lighted, the combustion takes place
only upon the outer limits of the flame, but if a stream of air is blown into the
flame the combustion is transferred to the
interior, is thus rendered more complete, and
the flame is condensed. It is to these causes
that the very intense heat of the blowpipe
flame is due.

When the beginner is able to maintain a
steady blast for some minutes together, he
may attempt the production and management
of the blowpipe flame. The operator being
essily seated at the table, his arm resting
upon its edge, the blowpipe is lightly grasped
near the water chamber, between the thumb
and first and second fingers of the right hand,
and its jet brought to the edge of the flame, '
just above the wick or tube. The blowing
should be regulated so as to produce a steady
flame, which will be regular and conical if I
the jet be well shaped.

In Fig. 9 a common candle flame is repre-

" sented, in which a light-blue segment, bound-
ed by the line a c,gand disapg;naring as the Fig. 8 (4 slae)
flame ascends, is seen at the base. The dark core of the flame f is surrounded by
the illuminating portion a b ¢, and the thin, scarcely visible envelo, e a ¢ ¢ forms
the outer coat of the flame.

13. Reducing Flame. While the candle is burning the stearine is slowly
melted, sucked up by the wick, and vaporized. These vapors unite with the oxygen
of the air and burn, upon the outer limits of the flame forming the hot coat a ¢ ¢
of carbonic acid and vapor of water. As the oxygen reaches no farther into the
flame than the line a b ¢, the vapors inside this line are intensely heated out of the
contact of the air, and any metallic oxide introduced into this yellow segment will,
when hot, tend to part with its oxygen to the carbon and hydrocarbons of the
flame. This is called the Reducing Flame (R. F.). To produce it with the blow-
pipe, the whole of the flame is deflected by a gentle blast, so regulated that it main-
tains its yellow color, and is luminous as before. The blowpipe is placed outside
the flame, as shown in Fig. 10. The flame must not deposit soot upon the sub-
stance under trial, and only the extremity of the luminous part should be applied
80 a8 to envelop the assay.
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- 14, Oxidizing Flame (Fig. 11). When the jet is carried somewhat into
the flame, and the blast is a little stronger, the carbon is more completely con-
sumed ; the inner blue cone, corresponding to the part a ¢ of the candle flame,
becomes sharply defined, and is surrounded by a nearly colorless envelope, corre-
sponding to the mantle a ¢ c, at the extremity of which metals may be intensely

Fig. 9. : Fig. 10, Fig. 11.

heated in contact with air, and will thus be rapidly oxidized. This is called the
Ozxidizing Flame (O. F.). The assay should be held as far beyond the blue
point of the flame as is consistent with the temperature requisite for the most
rapid oxidation, and the flame should be so managed that no luminous streaks
are seen in it. A flat wick serves best for its production, The heat is most
intense at the point of the blue cone, and this is accordingly used for testing
the fusibility of minerals and other substances, without reference to chemical
action.

SUPPORTS.

In blowpipe examinations the assay is supported by certain substances which
are either infusible, or have the power of sustaining a high heat without changing
their form.

15. Charcoal is used in many operations as a support for the assay. For
most purposes any piece of well-burned charcoal that does not snap or become
fissured in the flame will suffice. The softer kinds of wood yield the most suitable
material. That made from bass-wood (linden) is the best; pine and willow char-
coal are also excellent. For use it is conveniently sawn into parallelopipedons,
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with faces one or two inches in width, and three to six inches in length. The
assay is best placed on the flat, smooth surface, at right angles to the rings of
growth. It can be repeatedly used, the clean surface being renewed by scraping
with a knife or file.

16. Cavities for the reception of the substance to be heated on charcoal may
be made with the point of a knite. For some purposes, cavities may be made
more nicely by means of a tube of stout tin plate, the edges of which are sharpened.
The tube is made conical, has a length of three inches, its diameter at one end is
three-eighths, at the other five-eighths, of an inch. The end of this is applied to the
surface of the coal at a considerable inclination, and the tube is revolved with a
scooping motion. The excavation should be made near the edge of the charcoal,
rhould be cup-shaped, rather shallow, quite smooth, and regular.

17. Platinum Wire is used for supporting beads of fused borax or other flux-
in the flame. The kind designated as No. 27 (or jeweller’s hole 124), is the
best. It is cut into pieces three inches long, and a loop made in the end. 'When
not in use the hooked ends should be plunged into a little bottle containing dilute -
sulphuric acid, which dissolves away the matters that have been fused on them.
Before use they should be rinsed with water and thoroughly cleaned.

18. Platinum Spoon. For a few operations a small platinum spoon of the
form shown in Fig. 12, may be usefully employed. A cork or wooden handle
should be adapted to it. A rectangular slip of platinum foil, which is used also for
other purposes, may be made to answer for the spoon by bending up its corners
and holding it in the platinum forceps.

& —

Fig. 12. (X size.)

19. Platinum Forceps. For igniting fragments of minerals, forceps tipped
with platinum are indispensable. Fig. 13 represents the usual form. They are
made of steel or German silver. The points are opened by pressure. The free
ends may be used as an ordinary forceps for picking np small fragments of
minerals, etc.; or if of steel, for detaching pieces of specimens. Fig. 14 shows a

simpler form of this instrument, which any jeweller can easily construct. A piece
of highly elastic brass wire, No, 12, is the best material for the tongs. The plati-
num (ips a are readily hammered out from a piece of stout wire or cut from a
plate, and are riveted or, better, soldered to the brass wire with silver solder.
The bend at b is intended to prevent the points from touching the table. The for-
ceps must be slender in order not to conduct away too much heat from the assay. .

20. Glass Tubes. Tubes of hard glass, free from lead, 7% to } inch in di-
ameter, and four to six inches long, are indispensable. They serve for the ignition
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of bodies in a current of air, the rapidity of which may be regulated by varying
the inclination of the tube. "The substance under trial is placed in the tube about

Fig. 15.

an inch from the end, the tube is then held nearly horizontally, either in the flame’
of the lamp or of the blowpipe. The falling out of the body may be hindered by
bending the tube slightly one inch from one end. The body is then placed at the
bend as shown in Fig. 15, and the proper inclination given to the tube; but for
most uses straight tubes are quite as good. For each new operation a clean tube
must be employed. The tube usually cracks when used a second time, and should

therefore be cut off at the place where a body has been ignited. Tubes are most

easily cleaned by wiping them out with a slip of soft paper rolled around some

slender cylinder having a rough surface to hold the paper. A small rat-tail file is

excellent for this use.

21, Closed Tubes and Glass Bulb Tubes (matrasses; Fig. 16) serve
for heating bodies out of contact, or with but limited access of air. They are
easily made, especially the form B, which answers nearly every purpose, from the
pieces which have become too short to be used as open tubes, or by heating a tube
gix inches long in the middle and drawing it into two parts.

ACCESSORY APPARATUS.

22. An Agate Mortar with pestle (Fig. 17) is used for reducing minerals to
a fine powder. It should be from two to three inches in diameter, and should be
used ouly for grinding, never for pounding, hard bodies.

Fig. 16. Fig. 17. Fig. 18

23. A Diamond Mortar (Fig. 18) made of cast steel and well tempered, is
used for breaking up and reducing to a tolerably fine powder hard and refractory
bodies. The fragments to be broken are placed in the bottom of the cavity; the
closely fitting pestle is also placed in the hole, and is sharply struck with a small
hammer. Minerals are thus prepared for finer pulverization in the agate mortar ;
but the same thing may be accomplished by wrapping the assay in several folds
of paper, placing it upon an anvil and striking it.
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24, Hammer. A small steel hammer such as is used by jewellers. '

25. Anvil. A small parallelopipedon of hardened steel, or any convenient flat
surface of steel.

26. Pliers. Cutting pliers (Fig. 19) are useful for detaching fragments from
mineral specimens.

27. File. A small three-cornered file is used for cutting glass tubes. A notch is
cut in one side of the tube, which is then half pulled, half broken in two.

23. Magnet. A common steel magnet, or a magnetized knife blade, serves 1o
recognize magnetic bodies ; a magnetic needle is sometimes useful for delicate de-
terminations.

29. Lens. A magnifying glass composed of two convex lenses.

30. Watch-glasses from one to two and a half inches in diameter serve for
various purposes.

3l. Test-Tubes of hard glass with a suitable stand.

32. Funnels of glass one and a half to two inches in diameter.

83. Porcelain Dishes. Those with handles, called casseroles (Fig. 20), are
most convenient. They are used for boiling liquids and for evaporations.

PFig. 19. (¢ size.) Fig. 20. (X eize.) Fig. 21. (X size.)

34. A Wash-Bottle (Fig. 21), made from a small flask, or any bottle having
a mouth wide enough to receive the cork through which the tubes are passed.

35. Glass Rods, three to six inches long, rounded at each end, are used for
stirrers.

36. Filters. Suitable paper is cut into circular pieces, the radius of which
should be a half inch less than the side of the funnel in which it is to be placed.
It is twice folded upon itself, thus forming a quadrant ; this is opened 8o as to form
a conical cup, having three thicknesses of paper on one of its sides, and one on the
other. It is snugly inserted into a funnel, and moistened from the wash-bottle
Jjust previous to use.

The list of appliances for blowpipe analysis may be indefinitely increased, but the
simplicity of a blowpipe outfit, in rendering it non-expensive and portable,
very desirable. A little mgemuty will supply the place of much apparatus.

BLOWPIPE REAGENTS.

The substances employed to produce chemical changes in bodies for their recog-
nition are termed reagents. The quantities needed are so small that it is usnally
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advisable to purchase most of them ; but as it is often difficult to procure reagents
of proper quality, simple directions for preparing some of them, and for testing
their purity, are here given.

37. Carbonate of Soda; or Soda, in blowpipe language. Either neutral
carbonate or bicarbonate may be used. To prepare it, take four or five ounces of
commercial bicarbonate of soda, free from mechanical impurities, place it in a
porcelain mortar, add a little distilled water, and pulverize finely. Biing it upon
a large filter in a glass funnel, and allow the water to drain off. Successive ad-
ditions of water, in quantities of about one ounce, are made, until a few drops of the
drainings, caught in a clean test-tube, and acidified with nitric acid, give no pre-
cipitate, nor even the faintest turbidity with a drop of clear solution of chloride
of barium. The washing often requires several days, and is sometimes not com-
plete before half of the salt has been washed away. It is thus freed from sulphu-
ric acid, which contaminates the commercial salt. Soda that is purchased as
pure should be tested for sulphur and sulphuric acid, as described in 145, beforo
trusting its purity. The salt as thus prepared is spread out upon paper and
allowed to dry. Part of it may be bottled while moist, and used in that state ;
but a part must be dried at a high heat, in order to expel all water. It is then
pulverized and put away for use.

38. Biborate of Soda. Borax. The commercial salt is usually pure enough.
Clean crystals are selected, and coarsely pulverized. For some tests, fused horax
is required. To obtain this, some of the commercial salt is melted in a platinum
dish, and when cool placed in a tightly stoppered bottle.

39. Phosphate of Soda and Ammonia. Salt of Phosphorus. Micro-
cosmic Salt. The very small quantity of this substance (1 oz.) needed for a
great number of trials is best purchased. It may be prepared by dissolving in
two parts of boiling water six parts of crystallized phosphate of soda, and one
part (all the parts by weight) of white and clean sal-ammoniac, and immediately
filtering while still boiling hot. The crystals that separate on cooling are freed
from the chloride of sodium that adheres to them by recrystallization. Zesting.—
It must fuse on platinum wire to a colorless, perfectly transparent globule; and
when oxide of copper is added, and it is again heated, it must not tinge the flame
with a blue or green color.

40. Nitrate of Cobalt. Cobalt Solution. The crystals of nitrate are dis-
solved in ten parts of water, and filtered if necessary. For use the cobalt solution

is most conveniently kept in bulbs similar
A B to those represented in half size, in Fig. 22.
The bulb A is easily made from a bit of
glass tube. In order to fill such a bulb it
is gently heated, and the tip placed beneath
the surfuce of a solution of nitrate of cobalt
in a shallow dish. 'When a drop of the solu-
tion has entered it is again heated, the drop
is converted into steam, the tip is aguin
immersed, and the solution will alnost in-
stantly rush into the bulb. It should not
be more than two-thirds filled. To apply
Fig. 22 the solution, the bulb is grasped gently in
the palm of the hand, and inverted, when
the expansion of the air shortly forces out a drop or more, as is required.

4]. Nitrate of Potash. Clean crystals of the commercial salt are powdered.

42. Bisulphate of Potash. Equal weights of clean nitrate of potash and oil
of vitriol are heated together in a porcelain dish, gently at first, afterwards more
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strongly, till the nitric acid and excess of sulphuric acid are driven off and a clear
liquid remains which solidifies to an opaque mass on cooling. The salt thus ob-
tained is pulverized, and preserved in a glass-stoppered bottle. It can also be pre-
pared by heating pure sulphate of potash with an excess of sulphuric acid, until
the excess is driven away and the mass solidifies on cooling.

43. Cyanide of Potassium. In nearly every case this reagent can be dis-
pensed with, by one who has perfect command of the blowpipe, its only use being
to facilitate difficult reductions. It can be procured of any photographer or drug-

t.

44. Jodide of Potassium. The clean crystals purchased of any druggist.

45. Sulphur. Flowers of sulphur.

46. Tin. Strips of pure tin-foil a half an inch wide and one inch long.

47. Zinc. Strips of common sheet zinc.

48. Lead. Pure lead, for detecting gold and silver by cupellation, is prepared
by dissolving acetate of lead (sugar of lead) in hot water, filtering, and inserting
strips of clean zinc into the solution. After five to six hours the precipitated lead
should be scraped ftom the zinc in order to expose a fresh surface. When the
lead is all separated, it is washed thoroughly with water, then dried by pressing
between folds of blotting paper, and tinally by exposure to a gentle warmth.

49. Iron, Clean wire of the thickness of a medium-sized sewing-needle. Iron
in a fine state of subdivision is used for reductions in the wet way.

50. Magnesium. Bits of foil or wire are useful in detecting phosphoric acid.

5L Silver. A smooth silver coin, which mrust be freshly cleaned at the time
of using. See detection of sulphur, 145.

52. Bone-Ash. A little cup of bone ashes, called a cupel, is used for the de-
tection of silver and gold. Bones burned to whiteness are finely pulverized and
reserved for these purposes.

53. Oxide of Copper. A copper cent is dissolved in nitric acid, the solu-
tion is evaporated to dryness, and the dry wass gradually heated to redness in a
porcelain dish.

54. Fluoride of Calcium. Pure fluor-spar is crushed and heated in a test
tube until decrepitation ceases; it is then finely pulverized.

55. Oxalate of Nickel. The pure salt is best purchased, and when fused
with borax before the blowpipe, must give a brown and not a blue glass.

56. Test Papers. 1. Blue Litmus Papers.—Digest one part of the litmus of
commerce with six parts of water, and filter the solution; divide the intcnsely
blue filtrate into two equal parts ; saturate the free alkali in the one part by re-

tedly stirring with a glass rod dipped in very dilute sulphuric acid, until the
color of the fluid just appears red; add now the other part of the blue filtrate,
pour the whole fluid into a dish, and draw strips of fine unsized paper through it:
suspend these strips over threads, and leave them to dry. When dry, the paper
should have a fine blue color, and may be cut in narrow strips and kept in a tight
box. The moistened paper should be promptly reddened by the smallest trace of
acids, and is used for their detection. 'When the litmus paper is reddened by a
very feeble acid, it may be used for the detection of alkalies,

B. Turmeric Paper.—Digest one part of bruised turmeric root with six parts
of weak spirits of wine, filter the tincture obtained, and steep slips of fine paper
in the filtrate. The dried slips must exhibit a fine yellow tint. It is turned
brown by alkalies, and serves also in the recognition of boric acid, molybdic
acid, and zirconia.

(. Drazil-wood Paper.—Brazil-wood is boiled with water, the liquid filtered,
and paper saturated with it and dried. It is used for detecting fluorine, which
gives it a yellow color; it also serves to recognize alkalies, which color it violet.
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WET REAGENTS.

57. Water. Whenever water is used in analytical operations it should be
either distilled water, or clean rain water.

58. Hydrochloric Acid. Muriatic Acid. The strong commercial acid
will answer for most purposes, but it is also advisable to have some of the pure
fuming acid which on evaporation leaves no residue and when diluted with water

ives no milkiness on the addition of chloride of barium.

59. Sulphuric Acid concentrated, (ordinary oil of vitriol).

60. Nitric Aocid, pure. It must leave no residue upon evaporation, nor
give any turbidity with nitrate of silver.

61. Phosphoric Acid. The officinal concentrated solution.

62. Ammonia. It must be colorless, should leave no residue when evap-
orated on a watch-glass, nor should it cause the slightest turbidity in lime-water.

63. Carbonate of Ammonia. One part of the commercial salt is dissolved
in four parts of water, to which one part of solution of caustic ammonia has been
added.

64. Chloride of Ammonium. Select sublimed white sel-ammoniac of com-
merce. If it contains iron or other impurities it is dissolved in hot water, and
set aside to recrystallize. The dried crystals are dissolved for use in eight parts
of water.

65. Phosphate of Soda. Purify the salt of commerce by recrystallization,
and dissolve one part of the pure salt in ten parts of water.

66. Oxalate of Ammonia. Dissolve commercial oxalic acid, which has been
purified by vecrystallization, in two parts of hot water; add caustic ammonia, or
carbonate of ammonia, until the fluid begins to manifest a slight alkaline reaction ;
filter, and set aside to cool. The crystals that separate are allowed to drain, and
the mother liquors are further evaporated to crystallization. Purify by recrys-
tallization. Dissolve one part of the pure salt in twenty-four parts of water.

67. Potassa. Dissolve some sticks of caustic potassa in water, allow to stand,
and separate the clear solution from the sediment by decantation.

68. Chloride of Barium. This salt may be purchased of any druggist. For
use it is dissolved in ten parts of water.

69. Nitrate of Silver. May be procured in crystals from any drugglst or
photographer.

70. Bichloride of Platinum. Treat platinum filings (purified by boiling
with nitric acid) with concentrated hydrochloric acid and some nitric acid, and
apply a very gentle heat, adding occasionalty fresh portions of nitric acid, until
the platinum is completely dissolved. Evaporate the solution to dryness on a
water bath, with addition of hydrochloric acid, and dissolve the residue in ten
parts of water for use. It is used for detecting potassa in the presence of soda
and lithia. .

T1. Molybdate of Ammonia. Pulverize the sulphide of molybdenum as
finely as possible, and roast it in a shallow sheet-iron or earthen dish, at a low red
heat, until it turns yellow, and becomes converted into molybdic acid. It is then
digested with ammonia, which extracts the molybdic acid ; the solution is filtered,
evaporated to dryness, and the molybdate of ammonia which is left is dissolved
in water acidulated with nitric acid and kept for use.

All the reagents of a well-appointed laboratory may be of occasional service in
the qualitative analysis of minerals, but reagents other than the above will be but
rarely needed by the student in blowpipe analysis.




Chapter 2.

SYSTEMATIC COURSE OF QUALITATIVE BLOWPIPE
ANALYSIS.

72. THE student being provided with the necessary materials, and having
acquired some skill in producing the oxidizing and reducing flames, is prepared to
consider the various effects that may be produced with the blow-pipe. These re-
actions are classified, uccording to the apparatus and reagents that are used, under
the eight following heads, as recommended by Plattuer:

A.—Heating in the closed tube.

B.—Heating in the open tube.

C.—Heating on charcoal.

D.—Heating in the platinum forceps to test fusibility, and to observe the
coloration of the flame.

E.—Treatment with cobalt solution.

F.—Fusion with borax.

G.—Fusion with salt of phosphorus.

H.—Treatment with carbonate of soda.

Under each of the above divisions is given, first, the method of experimenting,
and, second, in tabular arrangement, the phenomena or reactions produced,
which are characteristic of the substances usually subjected to blowpipe examina-
tion. The heginner should not attempt at first to work with bodies of unknown
composition, but should provide himself with some substances which are well cal-
culated to illustrate the reactions indicated.

The blowpipe lamp is placed upon a sheet of stout: clean paper, so that the assay
accidentally falling may not be lost. Whenever a new substance is tuken for ex-
periment, all fragments of the old should be shaken off.

The assay must not be too large; in most cases the bulk of a mustard seed is
enough, in the practised hand. Beginners may use a larger quantity, but as the
student progresses he should aim to reduce the size of his assays to the least
amount cousistent with a perfect experiment, since he will be often called upon to
determine minerals upon minute fragments. '

The closest observation will often be necessary for the detection of the reaction,
and the success of the student is greatly dependent upon the accuracy of discrim-
ination, quick comprehension, and careful manipulation which is acquired in these
preliminary examinations.

A.—HEATING IN THE CLOSED TUBE.
73. The body, in fragments the size of a grain of wheat, or an equivalent

bulk of it, if it be in form of a powder, is placed in the bottom of a tube closed at
one end ; the tube is held nearly horizontal, and heated over the spirit or gaslamp,
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very gently at first, and finally, if needful to intense ignition, with the aid of the
blowpipe, and the successive phenomena are carefully watched as they appear.

. Powdered substances must be so introduced into the tube as not to soil its sides;
this is accomplished by placing the powder on a narrow slip of writing paper pre-
viously folded lengthwise in the form of a trough. The tube is held horizontal,
and the paper trough is inserted to its bottom; the whole is now brought into a
vertical position, and the paper is carefully withdrawn.

The phenomena can nearly all be produced in the simple closed tube (Fig. 16, ),
and for most purposes this form is better than the bulb tube, since the object of
these experiments is to heat the body out of contact with the air, and to produce
changes among its constituents without the interposition of any reagents.

The following phenomena may be observed : *

1. Decrepitation—Fluorite, Barite, and many other minerals.

2. Glowing—Gadolinite, etc.

3. Phosphorescence—Fluorite, Willemite, etec.

4. Change of color. The most important are here tabulated.

COLOR COLOR
ORIGINAL COLOR. | w11k IGNITED.| AFTER COOLING. SUBSTANCE.
White to yellow. Brown. Yellow. Binoxide of tin.
White. Yellow. White. Oxide of zinc and many of its
salta.
‘White. Yellow. Yellow. Hydrated oxide, carbonate,
and other salts of lead.
Blue or green. Black. Black. Hydrated oxide, carbonate,
and other salts of copper.
White, Dark yellow. Light yellow. Hydrated oxide, carbonate,
and many salts of bismuth.
White. Brown, Brown, Hydrated oxide, carbonate,
) and many salts of cadmium.
Yellow or red. Deeper color. Original color ifi Most chromates.
gently heated ; green
if strongly heated.
Red. Black. Red. Sesquioxide of iron.

5. Fusion—Stibnite, Nitre, and other bodies. .
6. Give off oxygen—Binoxide of Manganese, Oxide of Mercury, etc. Tested
by placing a bit of charcoal in the tube, upon the assay. Heat the charcoal first,
then the assay, and the charcoal will glow.
7. Become carbonized, and give a burnt odor—Amber and many organic com-

pounds.

8. Give off water—All hydrates.

9. Give acid vapors—Hydrates with volatile acids.
litmus paper in the end of the tube.

If acid reaction, non-nitrogenous; if alkaline, nitrogenous body.

Tested by placing a blue

If the glass is etched, Fluorine.

10. Give alikaline vapors—Ammonia Salts. Tested with a piece of turmeric

per.

paper.
- 11. Give sublimates which condense on the cold part of the tube.
* For experiments illustrating the effects to be produced in the closed tube, the following

substances are given : Fluorite, Gadolinite, Oxide of Zinc, Stibnite, Oxide of Mercury, Am-
ber, Serpentine, Nitrate of Ammonia, Pyrite, Realgar, Arsenopyrite, Selenium, Amalgam,
Cinnabar, Spathic Iron.
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Either originally fres, or
a. A yellow sublimate. SuLPHUR. from decomposition of a
sulphide,

b. A sublimate, dark brown-
red, almost black when hot, SUL:;“DE Realgar and Orpiment,
and red or reddish yellow when ARSENIC and other Sulph-arsenides.
cold. '

¢. Instrong heat, a sublimate . .
deposits near the :ussay, which Onsgirﬂum anélguilﬁ h"zl:m;fwizzlmm
is black when hot, and brown- ANTIMONY other metallic sulph z’l’iec
red when cold. : P :

d. A dark red, almost black,
sublimate, and odor of decaying . .
horse-radish at o pen end of SELENTUM. Various Selenides.
tube.

e. Condenses in small drops . .
with metallic lustre. ’ } TELLURIUM, { Various Tellurides.

J- A black, brilliant subli- Native Arsenic and
mate, and ga.rl’ic odor. Ansexic. many Arsenides.

g. A gray sublimate, con-
sisting (use lens) of metallic
globules, which may be united Mrrount. Amalgame.
by rubbing with a feather.

. SuLPHIDE Cinnabar, Vermilion

’:’eﬁlﬁ;:ﬁg&? subli- OF minerals cor’ltaining both

Toate, : MEeRrcury. Mercury and Sulphur.
1 1. Perclloride of Mercury.

t. The body fuses,and yields
& sublimate, which is white
when cold.

J

j- The body does not fuae,w
but gives a sublimate, which is
white when cold.

/

2. Chloride of Lead ; fuses to a yellow liquid,
partially sublimes, and becomes opaque and
+ white on cooling.

3. Antimonous Acid ; fuses to yellow drops,
and if air be excluded, deposits in brilliant
needles.

1. Salts of Ammonia.

2. Arsenous Acid ; easily sublimes and con-
> denses in octahedral crystals (lens).

3. Protochloride of Mercury ; sublimate is

yellow when hot.

12. The residue is magnetic—Spathic Iron, Pyrites, etc.

There are some other reactions more rarely observed, particularly in the study
of minerals. Osmic acid forms a sublimate of white drops, which possess a disa-
greeable odor. Cyanogen, when liberated, is recognized by its peculiar odor.
Iodine volatilizes in beautiful violet fumes., From some of its alloys Cadmium
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volatilizes and condenses as a black metallic sublimate. Sulphurous acid is given
off by sulphides in an amount proportionate to the oxygen which surrounds tue
assay, but the place for its observation is in the open tube.

B.—HEATING IN THE OPEN TUBE.

74. This is essentially a roasting or oxidizing process. The substance is placed
in a glass tube open at both ends, at a distance of about one inch from the end,
at which point a bend is sometimes made (see Fig. 15); but for most operations a
straight tube is preferable. The heat should be gentle at first and only gradually
ruised, otherwise some bodies may volatilize without oxidizing, and give the same
sublimate as when heated in a closed tube. By changing the inclination of the tube,
the current of air through it may be increased or diminished, and the oxidation
made to proceed more or less rapidly. Not too much of the substance must be
taken, and if satisfactory reactions be not obtained from a fragment, it should
be pulverized. Bodies which decrepitate and lose volatile ingredients by heating
in a closed tube, must be finely pulverized at the outset, and introduced into the
tabe by means ofa paper trough.

A slip of moistened litmus paper should always be placed in the upper end of
the tube when experimenting on an unknown substance, and when vapors begin
to arise, attention should be given to their odor, and to the sublimates which con-
dense on the inner surface of the tube. Many of the phenomena encountered in
this trial are identical with those obtained in the closed tube. Only such as are
peculiar or characteristic are here noticed.*

1. Odors.—a. Sulphur and sulphides in the open tube form sulphurous acid, giv-
ing the odor of burning sulphur, and reddening moistened blue litmus paper. When
a reaction is not developed by heating a fragment, the powder must be employed.

b. Odor of decaying horse-radish. — Selenium. Most y sublimes.

¢. Odor of garlic.—Arsenic. Mostly sublimes.

2. Sublimates.—Carefully compare last section in case they are not noticed be-
low. The sublimate itself should be heated to ascertain if it be volatile or fusible.

Metallic Arsenic

and many .Arse-

a. White, crystalline (octahedral), volatile} ARSENOUS 3
Acip.

sublimate; formed easily at moderate heat. aides.

b. White, thin sublimate, crystalline nearest
the assay ; fusible to dropletb yellowish when MoLyBDIC Molybdic Acid
hot, nearly colorless when cold. When the R. AcID. d Sulphide

F. is directed upon it within the tube, it be- of Molybdenum.

comes blue, or even copper-red from reduction.

volatile white sublimate, depositing on the upper Most oompounds
side of the tube; afterward in most cases a
white, non-volatile and infusible sublimate

gathering on the urnxler side of the tube.

d. White smoke, and non-volatile fusible ) SULPHATE OF Sulphide of
sublimate depositing on the under side of tube. LEap. Lead.

AN'rmomc

Acips.

¢. Dense white smoke, and at first a mostly ANTIMO\IOUS {
L Anttmony

* Substances serving to illustrate the reactions of the open tube: Pyrite, Blende, Seleninm
Arsenopyrite, Molybdenite, Stibnite, Galenite, Bismuth, Tellurium, Cinnabar
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e. Fusible sublimate, dark brown when hot,]) OXIDE oF {Most compounds
lemon yellow when cold. BisuuTH, of Bismuth.

f. A gray sublimate, fusible to colorlees} Teuomovs | Vodive T eﬁ;’;
drops that solidify on cooling. Acip. Tellurides.

g- A steel-gray sublimate, the upper edge of L
which appears red, and sometimes fringed with SELENIUM belemun? and
small white very volatile crystals of selenous * many Selenides.
acid. ]

h. A bright metallic sublimate, that can be cog&m‘?’gﬁ
gathered into a drop by sweeping it together , MERCURY. taining sulphide
with a splinter of wood or a feather. - of mercury.

3. Residues.—Compare table of changes in color, T3. 4.

C.—HEATING ON CHARCOAL.

75. A small quantity of the substance is placed in a shallow cavity on char-
coal, which is so situated that the flame of the blowpipe can be directed downward
upon it, and its behavior in both flames observed.

A fragment may be used, or if the substance is in the form of powder, or on
account of decrepitation must be reduced to powder, it may be mixed with water
to a paste and placed on the coal, and heated at first gradually, afterward, when
dry, to full ignition.

Much trouble is sometimes experienced in keeping the assay in its place suffi-
ciently long to observe its behavior fully, especially when it is infusible or diffi-
cultly volatile. In such cases borax may often be employed to advantage in the
following manner: The assay is held in the forceps, heated to redness, and then
touched to a little grain of borax. The borax melts, and attaches itself to the
body, which is now laid in the cavity so that the borax is in contact with the
charcoal, and is carefully heated with the blowpipe; it usually adheres without
further trouble.

In the following tables are given the characteristic phenomena that belong to
this section.

1. Odors should be observed immediately after a short exposure to heat,
Traces of sulphur, selenium, and arsenic are more surely detected by their odor on
charcoal, than in an open tube.

a. Odor of burning sulphur.— Sulphur and sulphides. Best observed in O. F.

b. Odor of decaying horse-radish.— Selenium and selenides. Treat in O. F.

¢. Odor of garlic.—Arsenic and its compounds. Traces are most surely recog-

nized after momentary exposure of the ussay to the R. F.

8. Deflagration.—Nitrates, chlorates, iodates, bromates.

3. The body fuses and is absorbed by the charcoal.—The fixed alkalies and many
of their salts; also hydrates of baryta and strontia, and after very long heating
their carbonates and sulphates.

4. A white infusibls residus remains, it may be after previous fusion, which :

a. Gl:'ws brightly in O. F., indicating lime, strontis, magnesia, zirconia, zinc, and

in,

b. After ignition turns moist turmeric pa; ia, li

magnl%:ila. paper brown. Baryta, strontia, lime,

c Commumc;tes a characteristic color to the flame. See page 20.
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5. Sublimates or Coatings.—The volatile metals and some of their compounds
give B. B. on charcoal, more or less characteristic deposits or sublimates. These
coat the charcoal at a greater or less distance from the assay, and it must be
observed what color they possess both when hot and cold, as well as whether they
disappear in the O. F. and R. F., and thereby color the flame.

These sublimates, which are mostly deposited on the unheated charcoal, are not
to be confounded with the ash (usually white), which remains as a thin coating
where the coal itself has been exposed to the blowpipe flame.

Compounds of some of the metals must be heated in the R. F. They are then
reduced to the metallic state, volatilized, and issuing from the flame are instantly
reoxidized and deposited as a coating.

The characters given in the tables belong to the unmixed bodies. Their detec-
tion is often difficult when they occur together, and not always certain, even to the
experienced operator.

a—m (inclusive). See table on page 18.

n. The sulphides (sulphates which in R. F. on charcoal become sulphides), cklo-
rides, todides, bromides of potassium, sodium, rubidium, and cwsium give B. B. white
sublimates, the similar compounds of lithium grayish white, less copious sublimates,
the salts themselves fusing and being absorbed by the charcoal. These sublimates
volatilize in R. F., thereby tinging the flame with the color characteristic to these
alkali metals : viz., potassiumn, rubidium, casium, violet; sodium, yellow ; lithium,

le.
Pn:.p The chlorides of ammonium and antimony, and subckloride of mercury, vol-
atilize without fusing, and yield white sublimates, which disappear in R. F. without
coloring the flame.

P- Clioride of copper fuses and tinges the flame intense azure blue. By long
heating it partly volatilizes in white fumes, that smell of chlorine, and coat the
charcoal with three differently colored sublimates, of which the interior is dark
gray, the middle is dark yellow to brown, and the outer is bluish white. In R. F.
the sublimate volatilizes, tinging the flame blue.

-

D.—HEATING IN THE PLATINUM-POINTED FORCEPS.

Coloration of the Flame.

8. Several bodies may be recognized by the colors they communicate to the
blowpipe flame.

When the substance admits, a thin fragment may be held in the c/ean platinum
forceps, and its point brought into the edge of the blue flame just within its

X.

When the body fuses so readily that it cannot be supported in the forceps, or
if it attacks platinum, it must be laid in a very shallow cavity made on a narrow
piece of charcoal, and held in such a manner that the flame may be thrown
across it. .

If the assay is infusible and decrepitates, or cannot be had in fragments, its
powder is moistened to a paste with pure water (not with saliva) and spread upon
the coal; it is first dried by a gentle heat and afterwards strongly ignited. Usually
a coherent cake is thus obtained, which, with care, may be lifted in the forceps and
its edge subjected to the flame. If a small fragment of a decrepitating mineral is
taken in the forceps, and the forceps inserted into the flame in such a manner as
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to strongly heat their points before the mineral is heated, it may then be slowly
drawn into the flame, uniformly heated, and thus often be saved.

The trial often succeeds best when the loop of a platinum wire is moistened with
distilled water, touched to the powder of the assay, and then carefully heated ; or
if the body is easily fusible the wire may be ignited and brought rapidly in con-
tact with it. Enough will adhere to observe if any coloration bhe given. Even if
the substance attacks or alloys with the platinum, this method is to be recom-
mended ; it is then only needful to cut off the injured part of the wire.

The utmost care must be taken that no foreign matters interfere with the ob-
servation. The forceps, charcoal, or wire must be chemically clean, and must not
alter the color of the flame when heated alone therein. If the assay is to be pul-
verized, the mortar and pestle must be thoroughly washed beforebhand. The wire
may be cleaned by dipping it in hydrochloric acid, or heating it therewith in a
test tube, until apparently clean,and then rinsing it with distilled water. Merely
by drawing a wire through the fingers, or wetting it with saliva, it receives a
coating of soda enough to give a distinct though momentary yellow color to the
blowpipe flame,

The flame itself should be what has been described as the oxidizing flame ; it
must at least be totally free from yellow streaks, and is best obtained from a
slender wick like that of a candle. A brass wick-tube often tinges the flame green,
especially if the fuel be oil.

The assay is held just within the point of the blue flame; the coloration is ob-
served in the exterior part of the flame, and is best seen in a darkened room, or
at least in a situation shielded from the direct light of day.

If the body gives no coloration or only a slight one when heated alone, it should
be moistened with sulphuric acid and again heated, by which means phosphoric
and boric acids become evident; or with hydrochloric acid, which in most cases
heightens the coloration given by baryta, strontia, and copper.

1. YELLOW.

Reddish yellow. Sopa in all its compounds, even when present in very small
quantity. Admixtures of potash, etc., even in considerable quantities, do not in-
terfere with this reaction.

2. VIOLET.

Bluish violet. PotasH and most of its salts, phosphates, borates, and infusible
silicates excepted. In presence of very little soda the reaction of both is dis-
cernible ; with more soda (1 per cent.) the yellow flame predominates. The presence
of lithia also masks this reaction. Silicates containing potash only, give the flame
a violet color, when, besides being free from soda and lithia, they are somewhat
fusible. Indium, cesium and rubidium also give violet flames.

3. Rebp.

a. Purple red. Litmia and most of its compounds. The reaction is not masked
by potash, but easily by soda.

b. Red. StroNTIA and many of its compounds. The coloration is increased
by moistening the already ignited assay with hydrochloric acid ; is masked by much
baryta.

c.y Yellowish red. LIME and many compounds; flame not to be confounded with
that produced by strontia ; is masked by much baryta.
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4. GREEN.

a. Yellowish green. BARYTA and most of its salts, silicates excepted; not
masked by lime.

b. Yellowish green. MoLyBpic AcIp ; also oxide and sulphide of molybdenum.

¢. Emerald green. CoPPER and most of its salts.

d. Green. TeLLUROUS AcID.

e. Green. THALLIUM and its salts.

J. Bluish green. Puospioric Acip. Many phosphates give the coloration
alone; others only after their powder is moistened with sulphuric acid to a paste,
and then ignited on platinum wire. The coloration is often but momentary.

g- Yellowish (siskin) green. Boric Acip. Minerals and salts are best mixed as
powder with sulphuric acid, and heated on platinum wire; coloration often
momentary.

k. Dark green, feeble. AMMONIA SaLTs.

i. Whitish green, intense. METALLIC ZINC.

5. BLU;!.

a. Light blue. METALLIC ARSENIC, and arsenides of bases which do not them-
selves tinge the flame. Also arsenates, and grsenous acid.
b. Greenish blue. METALLIC ANTIMOXNY, and the sublimate of antimonous acid,
on charcoal.
¢. Azure blue. Leap. The metal fused in R. F., the sublimate of oxide,
also salts of lead when fused on wire, in case their acid constituent does not tinge
the flame strongly.
d. Azure blue. SELENIUM.
e. Azure blue. CHLORIDE OF CoPPER. Metallic copper, and most copper com-
unds after wetting with hydrochloric acid, color the flame for a short time purplish
lue, afterwards green.
J. Greenish blue. BroMIDE oF CoPPER. After a little time, green.

Fusibility.

T1. The fusibility of minerals is also tested in the platinum forceps. (See scale
of fusibility in Chapter IV.) As a general rule, no substances with metallic lustre
should be heated in the platinum forceps, since they are apt to be injured by
forming an alloy with the fused metals; but the cautious manipulator may heat
any substance in the forceps without danger, by taking especial care that the
fused substance does not come in contact with the forceps.

18. Many of the combinations of the alkaline earths become alkaline on heat-
ing. Such substances, if not too fusible, may be treated in the forceps, and the frag-
ment under examination after cooling placed on a strip of moistened turmeric
paper, which acquires a brownish-red color at the point of contact with the assay.

E—TREATMENT WITH COBALT SOLUTION.

79. This operation is only applicable to bodies which are nearly or quite
infusible, and which, after ignition, have a white or at least a grayish color, and
is always conducted in O. F. If the substance can be heated in the form of splin-
ters or fragments, and is somewhat porous, it may be held in the platinum for-
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ceps; the projecting extremity is moistened with the cobalt solution, then heated

gradually until dry, and finally ignited as strongly as possible in O. F. without

causing fusion.

Hard, compact minerals must be finely pulverized before treatment. The
der is placed in the palm of the hand and moistened with the solution of cobalt.
A portion of the paste is then taken upon the loop of a platinum wire and strongly
ignited in the O. F.

Certain sublimates, for example, oxides of zinc and tin, formed by heating com-
pounds of these metals on charcoal, are treated directly with cobalt solution.

By this treatment several bodies, especially alumina, magnesia, and oxide of
zinc, assume characteristic colors. The tints of blue, red, and black that ap
before strong ignition are merely due to the drying or decomposition of the nitrate
of cobalt, and are not to be regarded.

The color of the assay thus treated must be examined by daylight.

Miuerals, and salts which fuse to a colorless glass, yield with cobalt solution the
smalt-blue color which is characteristic of cobalt. A blue infusible mass only,
indicates alumina.

The cobalt solution should be rather dilute, and if needful, successive portions
added until decisive results are obtained.

This reagent serves to detect alumina, magnesia, etc., infallibly when they are
in the pure state, and also in many of their combinations; but in various minerals
the result is masked by other ingredients.

80. The colors thus obtained are given in the following table:

Drown or brick red—Baryta, under fusion and while hot. -

Flesh red—Magnesia, tantalic acid, after cooling.

Violet—Zirconia (dirty violet) ; phosphate and arsenate of magnesia (fuse).

Dlue—Alumina, silica (faint).

G'reen—Oxide of zinc (yellowish green), oxide of tin (bluish green), titanic
acid (yellowish green), columbic acid (dirty green), antimonic acid (dirty
dark green).

6. Gray—Strontia, lime, glucina (bluish gray).

It sometimes happens that the ash of the charcoal itself acquires a new color
by ignition with this reagent. We have occasionally observed a greenish-yellow
color thus produced. The operator has to assure himself that the ash of the coal
he uses gives no deceptive reaction with nitrate of cobalt.

el i

Use of Fluxes—Roasting.

81. Borax as well as salt of phosphorus exerts a very powerful solvent action
when fused with metallic oxides, forming, in many cases, highly colored glasses,
which are exceedingly characteristic. These salts are therefore very important
reagents in blowpipe analysis; but it must always be remembered that the colors
noted in the following tables are those given by the oxides, and where the prelim-
inary examination has shown the substance to contain sulphur or arsenic in com-
bination it is indispensable before going further to remove tbese elements, and
convert the metals into oxides by roasting.

82. Roasting. The operation of roasting is perfm med as follows: The
finely pulverized substance is placed in a qiite shallow cavity on charcoal, pressed
with a pestle or knife-blade into a thin layer, and heated for some time, only
to dull redness, with the extreme point of the flame. When the odor of
sulphurous acid ceases to be perceptible the assay is brought into the R. F., where-
by the sulphates and arsenates that may have been formed in the O. F. are reduced,
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and arsenic is more or less driven off. When no more arsenical odors are evolved
the treatment in O. F. is repeated, and these operations are alternately continued
until the assay is odorless in both flames. The heat should be quite moderate, so
that the body does not fuse; if it fuses, it must be removed to the agate mortar
and freshly pulverized. 'When the roasting has been well conducted the residue
is pulverulent, and of uniform appearance throughout. When much arsenic is
present it is best to heat the body previously in the open glass tube.

Bodies containing selenium, tellurium, and antimony, if free from sulphur and

arsenic, usually require no roasting, as the former substances, unlike the latter, do-

not interfere with the reactions about to be described.

F.—FUSION WITH BORAX.

83. Treatment with Borax in O. F'. The fusion with borax is usually
effected on the platinum wire. The clean loop is beated to redness and dipped in
borax powder, and the adhering particles are heated nntil fused to a clear and
colorless glass, or bead ; this bead, while still hot, is brought in contact with a
very little of the assay, and heated therewith in the O. F.

It is to be observed whether the body dissolves readily or slowly, quietly or with
effervescence ; and when solution has been effected, the bead is to be held before
the eye, against the light, and its color, when hot and cold, is to be noted, as well
a8 whether its transparency is disturbed while cooling. Beads should not Le look-
ed at against the light of the gas or candle, since by such lights the colors are much
modified.

The phenomena of color vary in intensity, and to a certain degree in kind, ac-
cording to the quantity of substance dissolved in the bead. The manifestation of
opacity on cooling depends also upon the quantity of material contained in the
flux, and indeed only occurs when a certain amount has been added. It is there-
fore necessary to begin by dissolving a little of the assay, and after noting the
resulé, cllnore may be cautiously added at several intervals, until the operator is
satisfied.

If, by using too much of the assay, a bead has been obtained, so deeply colored
that it is difficult to decide what the color is, it may be flattened in the forceps,
or drawn out by a platinnm wire while still hot; or most of the hot bead may be
thrown off with a sudden jerk, and the remaining portion diluted with more borax.

If the operator he in doubt as to the nature of the color he has obtained, he
should view it through a lens, or compare it with some known color, obtained by
fusing the appropriate pure metallic oxide in another borax bead. Care must be
taken finally to guard against deception arising from reflections from colored sur-
faces near the operator.

84. Flaming. The alkaline earths, and some other bodies, dissolve in borax,
forming beads which, at a certain stage of saturation, are clear, and remain so
when cold, but which, if heated slowly and gently in the R. F., especially with an
intermittent flame, become opaque und enamel-like.

The application of the intermittent flame is called flaming. In most cases the
bodies, which at a certain degree of saturation are made opaque by flaming, become
8o wichout flaming when the saturation is carried a little farther.

85. Treatment with Borax in R. F. After observing the behavior of a
body in the O. F,, it is subjected to the R. F., which must, however, be ro managed
that no soot deposits on the bead. After blowing a little time the bead is allowed to
cool, and its color, both when hot and cold, is observed. It may sometimes be
needful to add more of the assay, and repeat the heating. In case no effect be pro-
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duced, or if metallic globules appear, which may often alloy with the platinum
(whereby the loop is spoiled), the bead is jerked off into a clean dish, placed in a
shallow cavity on charcoal, and further submitted to the R. F. for one or two min-
utes. In this way reductions are easily accomplished that scarcely succeed on the
wire. While the bead is still glowing it is grasped in the clean pincers, flattened,
and slightly lifted from the charcoal. It is thus suddenly cooled, whereby oxida-
tion, that might occur were the bead left to cool slowly, is prevented, and at the
game time it is brought into a good position for examining its color.

In special cases reduction is still further aided by help of metallic tin. A bit of
tin-foil is laid in contact with the bead, and the two are fused together for a few
momentsin the R. F. The tin oxidizes at the expense of the higher oxide present,
reducing the same to a lower oxide, while the oxide of tin formed, dissolves in
the borax, without interfering with the color produced by the reduced assay.

86. With Borax in O. F. are ylelded—

1. CoLorLESS BEADS BY
TEMPERATURE,

Silica, alumina, oxide of tin, baryta, strontia,
oy | Tt g, e, iy v, | gy seursed
and thoria, oxides of lanthanum and silver, [ p . °Paq
Cold. tantalic, columbic, and tellurous acids : y flaming.
Titanic, tungstic, molybdic, and antimonic
acids, oxides of indium, zinc, cadmium, zwhen slightly saturated.
lead, and bismuth :

2. YELLow BEADS BY

Tltamc, tungstic, and molybdic acids, z ‘}xmgl?ﬁr:?:,;ﬂ?;

oxides of zinc and cadmium : a
Oxides of lead and bismuth, antlmo- when strongly saturated ; color-
Hot. { nous acid: less when cold.
Oxides of cerium, uranium, and iron : when feebly saturated ; paler on

cooling.
Oxide of chromium : when feebly saturated ; yellowish green when cold.
\ Vanadic acid : g'reemsh when cold.

3. REp T0 BrOWN BEADS BY

Oxlde of cerium : yellow on cooling ; opaque by flaming,
didymium ; rose colored; the same when cold.
Hot. ¢“  iron: yellow when cold.
0 ¢  uranium: yellow on cooling ; opaque yellow by flaming.
¢  chromium: yellowish green when cold.
¢ irou containing manganese: yellowish red on cooling.
Ozxide of nickel (red brown to brown) violet when hot.
Cold. “  manganese : (violet red) violet when hot.
¢ nmickel containing cobalt: (with little cobalt, violet brown)
violet when hot,




FUSION WITH BORAX. 25
4. VioLEr (AMETHYSTINE) BEADS BY

Oxide of nickel : red brown to brown on cooling.
“  manganese: violet red on cooling.
Hot. «  nickel containing cobalt : passes into brown on cooling ; if much
. cobalt be present, it remains violet.
%  cobalt containing manganese: on cooling, like the nickel
mixture.

5. BLUuE BeaDs BY

Hot.—Oxide of cobalt : unchanged on cooling.
Cold.—Oxide of copper (when highly saturated greenish blue) : green when hot,

6. GReeN BEADS BY

.{ Oxide of copper: blue after cooling, or greenish blue when highly satu-
vl ppe ng, or gree
rated.

taining cobalt : ] According to the degree of saturation

Hot. O’“ﬂ" of 1ron con and the relative proportions of the

“ copper : .
« « ML oxides to each other, the green co-
« P ::‘i(::;;él: lor changes on cooling into pale

L green, blue, or yellow.
Cold. | Oxide of chromium (yellowish green): yellow to red when hot.
01¢- 1 Vanadic acid (greenish) : yellow when hot.

87. With Borax in R. F. are given—

1. CoLorLESs BEADS BY

[ Rilica, alumina, oxide of tin, baryta, strontia, whenstrongly saturated ;

lime, magnesia, glucina, yttria, zirconia, 4

thoria, oxide of lﬁntha.numy,'toxide of ceri, [ Pecome opaqueby flam-

Hot um, tantalic acid : 1ng.
and Oxide of didymium, oxide of manganese, the latter often takes a faint

Cold. rose color on cooling :

. Columbic acid: when used in small quantity.

Oxides of silver, zinc, cadmium, lead, bis- } after long heating; gray
muth, and nickel; antimonous and tellu- } if heated but a short

[ rous acids: time.

Hot.  Oxide of copper: becomes opaque red on cooling, if highly saturated.

A

2. YELLow To BrowN BEADS BY

Titanicacid (yellow to brown) : when strongly saturated ; become enamel
blue by flaming.
Hot. <{ Tungstic acid (yellow to dark yellow) : brownish when cold.
Molybdic acid (brown to black and opaque).
Vanadic acid (brownish) : chrome green when cold.

3. BLue Beap BY

Hot. Oxide of cobalt : unchanged on cooling.



26 FUSION WITH SALT OF PHOSPHORUS.
4. GReEN Braps BY

Oxide of iron (yellowish or bottle green): especially when cold.

Hot ¢  uranium (yellowish green): when highly saturated; becomes
and black by flaming.
Cold. ¢  chromium (pale to dark emerald green): according to degree

of saturation.

Cold. Vanadic acid (chrome green) : brownish, when hot.

5. GraY orR TurBID BEADS, THE TURBIDITY OFTEN APPEARING DURING THE HEAT-
ING BY

Cold muth, and nickel, antimonous and tel- } by longer blowing become
* lurous acids: colorless.

Oxides of silver, zine, cadmium, lead, bis- } when heated a short time ;
Columbic acid : when highly saturated.

6. REp Beaps BY

Oxide of copper (opaque) if highly saturated, or with tin on charcoal.
Sesquioxide of didymium (rose color).

Cold. {

G.—FUSION WITH SALT OF PHOSPHORTUS.

88. The general rules given for fusion with borax apply here.

The salt of phosphorus when first heated fuses in its crystal water, and is so fluid
that it easily falls from the platinum loop. 1f, however, a small quantity be first
fused upon the wire until it ceases boiling, then the additional quantity needed
will adbere without difficulty. The bead is best placed over the blowpipe flame,
as the ascending vapors that are driven from the salt buoy up the bead and keep
it from falling.

In general the behavior of the various bodies is quite similar to that with horax ;
there are, however, characteristic differences, as the table shows.

Salt of phosphorus is especially useful in the detection of silica. Most silicates,
when added to a bead of it and-heated, are decomposed. The bases dissolve in the
flux without interfering with its transparency (unless the substance is in too large
quantity), while the silica, being almost insoluble, floats as a translucent yet dis-
tinct cloud in the bead. 1t is best ohserved when the bead is hot. If the alkaline
earths be present, the bead becomes opaque on cooling, but this does not interfere
with the test. It must be borne in mind, however, that silica is soluble, though
but slightly, in salt of phosphorus, and small quantities may, therefore, be easily
overlooked. Also that some silicates, especially those of alumina and zircouia, are
with difficulty decomposed by it.

‘When phosphate of soda and ammonia is subjected to the action of heat, the
ammonia escapes with the water of crystallization, and the readily fusible meta-
phosphate of soda is left behind. This is a powerful solvent, and its action is
quite analogous to that of biborate of soda.

89. With Salt of Phosphorus in O. F. are given—



Hot
and
Cold.

Hot.

Cold.

Hot.

Hot.

Hot.

Cold.

Hot.

Cold.

L ]
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1. CoLorLESs BEADS BY ’

Silica (very slightly soluble).

Alumina, oxide of tin (difficultly soluble). .

Baryta, strontia, lime, magnesia, ) when strongly saturated; be-
glucina, yttria, zirconia, thoria, ox- 2 come opaque white by flam-
ide of lanthanum, tellurous acid: ing.

Tantalic, columbic, titanic, tungstic, ) when not too highly saturated ;
and antimonous acids, oxides of » otherwise yellowish to yellow,

| zinc, cadmium, lead, and bismuth: )  and colorless only after cooling.

2. YELLow BEADS BY

when slightly saturated, but col-

stic, and antimonic acids, oxides of
orless when cold.

lead, zinc, cadmium, and bismuth :

( Tantalic, columbic, titanic, tung- %
Oxide of silver (yellowish) : when cold, opalescent.

4 Oxides of iron and cevium : when slightly saturated ; become colorless

on cooling (strongly saturated are red when hot, and yellow when
cold).

Oxide of uranium: yellowish green when cold.

| Vanadic acid (dark yellow): paler on cooling.

Oxide of nickel : reddish when hot.

3. REp BEADs BY

Oxides of iron and cerium: when highly saturated ; becomes yellow
after cooling.
Oxide of didymium : rose color when saturated.
¢ nickel (reddish) : yellow when cold.
¢ chromium (reddish) : emerald green when cold.

4. VioLET (AMETHYSTINE) BEAD BY

Oxide of mangaunese (brown violet) : pale red violet when cold.

5. BLUE BEADS BY

Oxide of cobalt : color unchanged on cooling.
{ ¢ copper (when strongly saturated greenish blue): green when
hot.

6. GREEN BEADS BY

(Oxide of copper: blue when cold (when strongly saturated, greenish
blue).
Molybdic acid (yellowish green): paler on cooling
. . . . ) According to the degree of satura-
1 ()x‘:de of ron conta:}mng nga)l:l: tion, and the relative proportions
pper. of the oxides to each other, the
green color changes on cooling into
pale green, blue, or yellow.
§ Oxide of uranium (yellowish green) : yellow when hot.
L« chromium (emerald green) : reddish when hot.

[

copper ¢ iron.
&« [

“ nickel.
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980, With Salt of Phosphorus in R. F. are given—

1. CoLorLEsS BEADS BY

 Slica (very slightly soluble).
Alumina and oxide of zinc (difficultly soluble).
Baryta, strontia, lime, maguesia, glucina, l when strongly satu-
Hot yttria, ziroon.ia, thoria, oxide of lantha- » rated become opaque
j num : s white by flaming.
Cold. Oxides of cerium, didymium, and manganese.
Oxides of silver, zinc, cadlmum, indium, lead, after 1 heati
bismuth, tantalic, antimonous, and tellu. 5] ong eating
rous aclds (otherwize gray).

| Oxide of nickel (especially on charcoal).
2. YeuLow to REp BEADS BY

(Oxide of iron (yellow to red): when cooling at first greenish, then
reddish.
Titanic acid (yellow) : violet on cooling.
Hot. 4 Columbic acid (violet brown): particularly on charcoal.
Vanadic acid (brownish) : chrome green after cooling.
Titanic acid containing lron. } (Yellow): when cold, brown (blood)
Tungstic ¢ red
| Columbic “ “ (brownred): dark yellow when cold.

3. VioLET (AMETHYSTINE) BEADS BY

Columbic acid (when highly saturated) : faint dirty-blue when hot.

Cold. Titanic acid (even by moderate saturation) : yellow when hot.

4. BLUuE BEADS BY

Oxide of cobalt : same when hot.
.Cold. < Tungstic acid : brownish when hot.

Columbic acid (when very strongly saturated): dirty blue when hot.

5. GREeN BEADS BY

Oxide of uranium : yellowish green when hot.
Cold Molybdic acid : dirty green when hot.
* ) Vanadic acid : brownish when hot.
Oxide of chromiam : reddish when hot.

6. GraY OorR TurBID BEADS, THE TURBIDITY OFTEN APPEARING DURING THE
HEeaTING BY
Oxides of silver, zinc, cadmium, in- )} Reaction best obtained on
Cold. dium, lead, bismuth, and nickel, anti- } charcoal. Afterlong blow-
monous and tellurous acids: ing become colorless.

7. Rep BeADs BY

Oxide of copper (opaque) when strongly saturated, or by aid of tin on
Cold. charcoal.
Sesquioxide of Didymium (rose colored).
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H.—TREATMENT WITH SODA.

91. No attempt is here made to tabulate the phenomena that may arise in the
treatment of bodies B. B. with carbonate of soda. These phenomena have either
been described in the foregoing tables (sublimation), or are somewhat uncertain in
their production, especially by the beginner (formation of glass with silicates),
or, finally, are of a general nature (reduction of metallic oxides). We therefore
translate substantially what Plattner has written under this head. According to
the nature of the assay, it may either fuse together with or dissolve in soda, as when
containing earths or fixed acid; or a metallic reduction may occur if the assay
consist of reducible metallic oxides.

92, Fusibility with Soda (O.F.). A large number of bodies have the
property to unite with soda at a high temperature, and to give partly fusible,
partly infusible, compounds.

The fusible bodies are, however, few in number: principally silica, titanic acid,
tungstic acid, and molybdic acid. When the fusion takes place on charcoal,
silica and titanic acid both unite with the soda under effervescence to clear beads.
The silicate of soda remains transparent after cooling if no excess of soda be
present, but the titanate of soda becomes crystalline and opaque.

Molybdic and tungstic acids also combine with soda with effervescence, but the
compounds are absorbed by the charcoal. Besides these acids, the salts of baryta
and strontia are fusible with soda, but the mass is absorbed by the coal. Most
salts of lime fuse indeed with soda, but when the acids they contain are stronger
than carbonic acid, they are decomposed ; the resulting salt of soda penetrates the
coal, while the lime remains as a white mass on the surface.

In trying the fusibility of a body with soda, one proceeds in the following man-
ner: If the body be in form of powder, it is mixed in the palm of the hand with
soda, by means of a moistened knife-blade, to a coherent mass; if the assay be a
splinter or fragment, and does not decrepitate, the moistened soda is spread upon
it ; if it decrepitates it must be pulverized. In both cases the assay is placed in
a shallow cavity on charcoal, gently heated until thoroughly dry, and thereupon
intensely ignited in the O. F. If a fragment has been used, the soda is commonly
absorbed by the coal as it first fuses; but if the assay be soluble in it, it appears
again and attacks the body with effervescence, and presently fuses with it to a
globule. If too little soda be used in the treatment of a body soluble i this reagent,
a portion of the assay remains undissolved, and surrounded by a clear glass ; if
too much soda has been employed, the glass will become opaque on cooling. It is
therefore advisable to add the soda in successive small quantities, and observe
the changes thus produced. Many bodies, especially silicates, which are themselves
difficdtly fusible, although their bases are infusible, dissolve in a little soda to a
clear glass, but with more soda they form a slaggy or infusible mass.

If the assay be insoluble in soda, hut decomposable by it, the operator will see
that it gradually swells up and changes its appearance, though it does not fuse to a
globule. If this be the case with an assay used in the state of powder, it may not
be certain that it is actually insoluble, because too little soda may have been
ased ; the mass must therefore be heated with a new portion of soda, or even with
a second or third addition. When this appearance of decomposition occurs with
a fragmeut of mineral, the same body must also be heated with soda in the state of
gowder. If the assay is both insoluble and undecomposable, the sorda is absorbed

y the charcoal and the body is left on the surface unchanged, whether applied as
a fragment or in powder. :
93. Formation of a Hepar (R. F.). The higher sulphides of the alkalies
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have long been known by the name of Hepar sulphuris (liver of sulphur), since they
possess a liver-brown color. When soda is fused on charcoal in the R. F. with
any compound of sulphur (sulphide or sulphate), sulphide of sodium is produced,
and if much sulphur was present in the assay the fused mass will show the char-
acteristic color of hepar. Whether or not the mass possess this color, whether it
remain on the surface of the coal or be absorbed by it, it is only necessary to
place it on a freshly scraped surface of silver (or to cut out the coal into which it has
sunk, and put it on the silver), and then add a drop of water, in order after a few
moments to recognize the slightest trace of SULPHUR by the production of a yellow
or even black stain of sulphide of silver. llluminating gas commonly contains
sulphur-compounds, and when this test for sulphur is employed with gas for fuel,
the soda should always be fused first on coal and tested before adding the assay.
g sulphur should prove to be present the test must be made with a candle or oil-
me.

94. Reduction of Metallic Oxides (R.F.). The fusion of certain oxides
with soda on charcoal in R. F. furnishes a most ready and delicate means of de-
tecting their presence in minerals and salts.

Some metallic oxides are reduced to the metallic state by heating alone in R. F.
when pure, but with difficulty or not at all when mixed or combined with other
bodies ; by addition of soda, however, the reduction is easy. There are other
oxides that alone are unaltered, but by fusion with soda are reduced to the metallic
state.

If the oxide of lead, for exumple, is fused with soda, there is no difficulty in recog-
nizing the metallic lead, which will be found in globules on the surface of the char-
coal. Oxide of iron yields, however, metallic iron which cannot be fused, and the
fusible metals often escape the eye when present in small quantity. The operator
must therefore employ the method of Gahn, as follows. The finely pulverized sub-
stance is mixed with soda and a drop of water to a paste, which is laid in a cavity
on charcoal, and strongly heated in the R. F. The soda commonly sinks into the
charcoal ; more is added at intervals, until the assay has nearly or completely dis-
appeared in the pores of the coal. A drop or two of water is now put upon the
place, and all those parts of the coal near the cavity which have absorbed the
assay are cut out into the agate mortar, and pulverized with addition of water to
a fine powder. The water.is now carefully decanted, or the mortar is held beneath
the surface of water contained in a clean bowl, and gently moved to and fro, so
that the coal dust is washed away from any metallic particles that may be in the
mortar. By careful washing even the smallest quantity of copper, tin, or lead may
be seen remaining in the mortar in the shape of flattened globules. If the metal
be infusible or brittle, it will be found as a heavy, lustrous powder.

The nature of the metal can be determined by its physical properties; or the
particles may be dissolved in borax or salt of phosphorus, and tested as already
described. Often the sublimate that is deposited about the assay will give a clue
to the kind of metal under examination.

Iron, cobalt, and nickel are obtained as metallic powder which is lifted by the
ma.gnut. (best tried under water). Copper is recognized by its red color; Tin and
Lead flatten under the pestle; Bismuth and Antimony are brittle, and present
themselves as powder. Besldes these metals, Molybdenum, Tungsten, Tellurium,
Indium, Zine, and Cadmium, and the noble metals, are also reduced by treatment
with soda. Antimony, Tellurium, Bismuth, Indium, Lead, Zinc, and Cadmium
volatilize partly or completely, and yield characteristic sublimates. ~Zinc and Cad-
mium usually volatilize entirely. Arsenic and Mercury are also reduced, but must
be heated with soda in a tube, in order to collect the sublimates, which are metallio
arsenic and mercury.
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‘When several metals are together, they usually form an alloy. Copper and iron
are, however, obtained distinct. If the assay contained arsenate of cobalt or nickel,
fusible metallic globules are obtained, which are always brittle from presence of
arsenic. The reactions with borax and salt of phosphorus must be the final resort,
and it may happen that only the experienced operator will be able to make out
satisfactorily the nature of a metallic mixture, such as may result from a reduction
with soda,

PLATTNER directs attention to the three following points, as needful to be care-
fully attended to in successfully conducting the operation in question :

1. The operator must keep the assay a sufficiently long time exposed to the
action of a strong R. F.

2. In cutting out and pulverizing the fused mass, and in washing the same, the
greatest care must be exercised that no metallic particles be lost ; and,

3. The remaining metal, whether in form of scales, grains, or powder, must be
examined with help of a lens, and tested by means of the magnet, and if needful by
fluxes (borax and salt of phosphorus).

To acquire skill in the detection of copper and tin by reduction with soda (it is
most applicable for finding small quantitics of these metals especially), the beginner
should practise with mixtures of a copper ore or salt with increasing quantities of
feldspar or some other body free from metallic oxides. One or two per cent. of tin,
and much less copper, can be detected in the quantity usually employed for blow-
pipe assays.

85. For convenience of reference is added here a tabular view, translated from
Plattner, of the behavior of the earths and metallic oxides when treated succes-
sively, (1) alone on charcoal or in the platinum forceps; (2) with borax, and (3)
with salt of phosphorus on platinum wire; (4) with soda, and (5) with cobalt
solution ; the special reactions of the alkalies will be given under appropriate
heads in the next chapter. In the table the sign O, given under some of the heads,
indicates that no reaction is obeerved with the substance.
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Chapter 3.

ALPHABETICAL LIST OF ELEMENTS AND COMPOUNDS,

WITH THE MOST CHARACTERISTIC BLOWPIPE AND OTHER REACTIONS EMPLOYED IN
THE FOLLOWING TABLES FOR THE DETERMINATION OF MINERAL SPECIES.

96. Alumina. The only characteristic blowpipe reaction is the blue color
it assumes when ignited with cobalt solution. It may be thus detected in most
minerals of which it is a large ingredient, provided they are infusible and do not
contain too large a quantity of colored metallic oxides, or of magnesia. Very hard
minerals, like corundum, must be finely pulverized (79). From acid solutions,
when neutralized with aminonia, alumina is thrown down as a flocculent white
precipitate.

97. Ammonia. The slight green tinge that salts of ammonia impart to the
blowpipe flame (76) is too faint and uncharacteristic to serve for their detection.

Ammonia is recognized by its well-known odor. The body to be tested js mixed
with dry soda, the mixture placed in a closed glass tube, and gently heated, when
the ammonia 1s evolved in the gaseous state, and may easily be recognized by its
characteristic odor, as well as by the alkaline reaction it gives with reddened
litmus and with turmeric paper.

It must be borne in mind that organic substances containing nitrogen yield
ammonia when ignited with soda.

98. Antimony. 1. Is almost invariably recognized by its characteristic
sublimates. The body should be tested first in the open tube (74, 2, c); after-
ward, and generally in case of metallic compounds, on charcoal (75, 5, d).

2. Where antimony is combined with bismuth and lead, it is best detected by
treating the substance with fused boric acid on charcoal, in such a manner that the
flux is covered with the blue flame, and the metallic globule lies at its side partly
out of the flame. The oxides of lead and bismuth are absorbed by the boric acid,
and the charcoal becomes coated with a sublimate, which, when the blowing has not
been too strong, consists of oxide of antimony, entirely free from the oxides of
lead and bismuth.

3. A small quantity of antimony, combined with copper or with other metals
which retain it strongly, may volatilize so slowly that no sublimate forms on the
charcoal. Under these circumstances, the alloy is heated in O. F. with a bead
of salt of phosphorus, until the latter has dissolved a part of the antimony. The
glass is then removed to a clean place on the charcoal and treated with tin in R.
F. 1If the glass becomes turbid and black, antimony is indicated. Bismuth, how-
ever, gives the same reaction.

4. In examining sulphide of lead for antimony, compare 118, 2.

5. Compounds of antimony and arsenic, beated for a short time in the open
tube, yield a mixture of crystals of arsenous acid and amorphous antimonous
acid. A small amount of antimony mixed with sulphide of arsenic is detected by
gently heating the dry mixture in a closed tube; the sulphide of arsenic volatilizes,
while the dark-colored sulpbide of antimony mostly remains where the assay was
placed. The tube is then cut off between the two sulphides, and the sulphide of
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Chapter 3.

ALPHABETICAL LIST OF ELEMENTS AND COMPOUNDS,

WITH THE MOST CHARACTERISTIC BLOWPIPE AND OTHER REACTIONS EMPLOYED IN
THE FOLLOWING TABLES FOR THE DETERMINATION OF MINRKRAL BPECIESN,

96. Alumina. The only characteristic blowpipe reaction is the blue color

it assumes when ignited with cobalt solution. 1t may be thus detected in most
minerals of which it is a large ingredient, providod they ave infusible and do not
contain too large a quantity of colored metallic oxides, or of magnosia,  Very hard
minerals, like corundum, must be finely pulverizod (79). From acid solutions,
when neutralized with aminonia, alumina is thrown down as a flocculent white
Pprecipitate.

97. Ammonia. The slight green tinge that salts of ammonia impart to the
blowpipe flame (78) is too faint and uncharacteristic to serve for their detsction.

Ammonia is recognized by its well-known odor,  The body to be tested js mixed
with dry soda, the mixture placed in & closed glass tubs, and gently heated, when
the ammonia is evolved in the gascous state, und may ensily bs recognized by ita
characteristic odor, as well as by the alkuline reuction it gives with reddened
litmus and with turmeric paper.

It must be borne in mind that organic substances containing nitrogen yield
ammonia when ignited with sda,

98. Antimony. 1. Is alwost invariably recoguied by itz charsterintic
sublimates. The body should be terted first in the open tule (74, 2, ¢); wfier-
ward, and generally in cane of weta..e compounds, ou chavcoul (79, 9, 4.

2. Where antiiwouy is corbined with viswatn and lewd, 3t in et acuctd by
treating the suimstance woth fus-a boric acld oucba) Goud, 1 such g luanue Tt the
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44 ALPHABETICAL LIST OF ELEMENTS AND COMPOUNDS,

antimony is transferred to an open tube and tested as usual. When the quantity
is extremely small the tube is crushed, and the fragments with adhering sulphide
are introduced into the open tube.

99. Arsenic. 1. The testing in open tube (74, 2, a), closed tube (73, 11, 1),
and on charcoal (75, 5, ¢), usually lead to its detection.

Arsenous and arsenic acids and their salts, as well as the sulphides of arsenic, are
examined by pulverizing and placing them in a glass bulb, covering them with six
times their weight of a dry mixture of equal parts of cyanide of potassium and
carbonate of soda. The bulb should not be more than half filled with the mixture
(Fig. 23). Itis first gently heated ; if moisture is given off, it is removed by inserting
a piece or roll of bibulous paper. It is again gently warmed, and if necessary
wiped out with paper, and the operation repeated until the mixture is perfectly
dry. Finally, the bulb is heated strongly for some minutes in the spirit-lamp or
blowpipe flame ; a mirror of metallic arsenic deposits in the cool part of the
tube. If the tube be cut off between the mirror and the sealed end by notching
with a file and breaking, and the mirror be heated in the spirit-lamp, the arsenical
odor will then be perceptible.

2. Arsenous acid can also be detected by introducing the assay into a closed
glass tube drawn out to a small diameter (Fig. 24), and inserting a splinter of
charcoal above it. The charcoal is first heated and then the assay; the arsenous
acid is reduced as it passes over the hot charcoal and is deposited as in the previous
case as a metallic mirror.

3. The higher arsenides, when treated in the open tube, yield a sublimate of
arscnous acid, but the lower arsenides of nickel, cobalt, and iron do not part with
their arsenic at a high temperature, even in the presence of reducing agents; and
for its detection in these cases Plattner recommends the following method:
Mix the finely divided assay with five times its weight of nitrate of potassa, and
heat as intensely as possible in a platinum spoon. The metals are thus oxidized,
and the arsenic becomes arsenic acid. The spoon with the fusion is now boiled
with water, until it is as far as possible dissolved. The liquid containing all the
arsenic as arsenate of potash is decanted or filtered from the insoluble metallic
oxides, and, 1. Evaporated with addition of a few drops of sulphuric acid (enough
to expel all nitric acid) to dryness in a porcelain capsule ; the residue is pulverized,
mixed with cyanide of potassium and carbonate of soda, and heated as just de-
scribed ; or, 2. It is made slightly acid by acetic acid and boiled to expel any
carbonic acid, and a crystal of pure nitrate of silver added, when a reddish-brown
precipitate of arsenate of silver will be formed.

4. A small amount of arsenic in the presence of much sulphur is often difficult
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to detect by its odor on charcoal. In such cases it is best to mix the assay with
an excess of carbonate of soda, which will retain the sulphur, and the arsenical
fumes can then be easily recognized.

100. Baryta. All the salts of baryta except silicates yield the characteristio
yellowish-green coloration of the flame. When observed through copper-green
glass the baryta flame appears bluish green.*

In Harmotome and Brewsterite, baryta is detected by dissolving the finely pul-
verized mineral in pure hydrochloric acid with aid of heat, filtering the solution and
adding dilute sulphuric acid; a white precipitate of sulphate of baryta is formed,
which may be collected upon a filter, washed, and then examined for the colora-
tion of the flame.

Strontia may interfere with the baryta reaction. The presence of the sul-
phate of baryta with the sulphate of strontia can be detected by fusing the mix-
ture with three or four parts of cliloride of calcium in a platinum spoon, and boil-
ing the fused mass with water. If a cloudiness is produced, by adding to the
clear dilute solution a few drops of chromate of potassa the presence of baryta is
indicated. Strontia is only precipitated from the concentrated solution (Chapman).

101. Bismuth. 1. Bismuth is detected by the characteristic lemon or orange
yellow sublimates which it and its compounds give when treated alone or with
soda on charcoal in R. F. (75, 5, g). The presence of other easily oxidizable metals
may make this reaction uncertain; the wet way must then be resorted to, and
for this purpose the pulverized compound is digested for some time with hot
sitric acid, the liquid poured off from any undissolved matters, or if necessary fil-
tered, then evaporated almost to dryness, and the concentrated liquid poured into
a test-tube half filled with water. If bismuth be present, a white precipitate of
basic nitrate is formed, which may*be collected’ on a filter, washed with pure
water, and examined on charcoal. If the precipitate be small, it should be gathered
into the apex of the filter; the latter is then dried, the part containing the preci-
pitate torn off, and tested on charcoal.

2. If a compound of bismuth be treated with a mixture of equal parts of iodide
of potassium and sulphur, and fused B. B. on charcoal, a beautiful red sublimate of
the iodide of bismuth will be deposited.t

3. In the presence of lead and antimony bismuth can be detected in the follow-
ing manner : The wixture of the three oxides is added to an equal volume of sul-
phur and treated in a cavity upon charcoal with R. F.; the oxides are thus con-
verted into sulphides. The assay is then placed upon a flat coal and treated with
the O. F. and R. F. until the antimonial fumes have nearly ceased. The residue
is placed in a mortar and pulverized, and mixed with an equal volume of a mix-
ture of one part of iodide of potassium and five of sulphur; it is then heated in
an open glass tube, and if bismuth be present, a distinct red sublimate of iodide
of bismuth will be deposited a short distance above the yellow sublimate of lead.
The sublimate of iodine which is liable to be deposited higher up the tube must
not be confounded with the bismuth sublimate.}

See also 98, 3.

102. 1. Boric (boracic) acid is recognized by the intense yellowish-green color
it or its compounds with fluorine communicate to the flame. This color is given
to the outer flame by most borates, provided they do not contain an ingredient
which of itself tinges the flame.

* The strips of colored glass alluded to in this chapter are such as are used for colored
glass windows, a cobalt-blue glass, a greem glass colored either with oxide of copper or iron,
and a red glasa colored with red oxide of copper. Strips 3 x 8 inches are a convenient size.

I Von Kobell. Journal fiir Praktische Chemie (2), ILL. (1871), 469.
Corowall. Am. Chemist, March, 18723.
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2. Borate of soda alone tinges the flame pure yellow, but if it be moistened
with sulphuric acid or mixed with bisulphate of potash, boric acid is set free, and
the green color is instantly produced.

3. Silicates in which the above methods fail to indicate the boric acid, are re-
duced to a fine powder, the assay mixed with its own bulk of pulverized fluor-spar,
and three times its bulk of bisulphate of potash; the whole is moistened to a
paste, a portion of which is taken on a platinum loop, and at first gently heated to
dry it, then more intensely in the edge of the blue flame. At the instant of fusion
the green coloration appears, but is usnally only momentary, so that the observer
must direst his attention closely to the assay during the ignition.

4. As in the above trials copper and phosphoric acid mgy be mistaken for boric
acid ; it is sometimes best to use Rose’s test with turmeric paper. To the solution
of any borate hydrochloric acid is added until the liquid gives a distinct acid re-
action (till blue litmus is reddened by it); a strip of turmeric paper is half immersed
in the selution for some time, and the paper dried at a gentle heat (not over 212° F.).
The smallest trace of boric acid gives the immersed portion of the paper a red-
dish-orange color. Silicates are fused with carbonate of soda in a platinum
spoon, the mass is boiled with water until it is as far as possible dissolved, the
solution is then supersaturated with hydrochloric acid, and tested as above.

The orange or reddish-orange color thus produced must not be confounded
with that communicated to turmeric paper: 1st. By alkaline solutions. 2d. By
acid solutions of zirconia (159). 3d. By moderately strong hydrochloric acid.

5. If alcohol is poured over a borate with the addition of a sufficient quantity
of concentrated sulphuric acid to liberate the boric acid, and the alcohol kindled,
the flame, particularly on the edges, appears of a very distinct yellowish-green
color, especially upon stirring, and upon heating the alcoholic mixture.

103. Bromine. 1. When bromides are added to a bead of salt of phosphorus
which has previously been saturated with oxide'of copper, and the blowing con-
tinued, the bead becomes surrounded with a beautiful blue flame inclining to green
on the edges, and this color continues so long as any bromine remains. * As these
reactions may be confounded with those given by chlorine, Berzelius recommends
fusing the substance under examination with dry bisulphate of potash in a glass
bulb. If a metallic bromide is present, bromine and sulphurous acid are set free,
and the glass bulb becomes filled with a yellow vapor of bromine, which, although
mixed with sulphurous acid, may be distinctly recognized by its characteristic
odor. As a confirmatory test, if moistened starch or starch paper be exposed to
these vapors yellow bromide of starch will be formed.

2. If a soluble bromide be placed upon a piece of clean silver along with a
fragment of sulphate of copper or sulphate of iron, the silver becomes almost im-
mediately coated with a black stain.

104. Cadmium. This metal can only be detected as oxide, as it is vola-
tilized at a comparatively low temperature. The substance for examination in a
pulverized state is heated in the R. F. on charcoal, whereby metallic cadmiam is
volatilized, and immediately on coming in contact with the atmosphere is con-
verted into oxide which gives the characteristic coating on coal (75, 5, j).
Should the substance contain not more than one per cent. of cadmium, as for in-
stance in many zinc ores, it is best to mix the powder with soda and heat carefully
in the R. F., when the coal near the assay becomes coated with a sublimate of
oxide of cadmium before any sublimate of zinc is formed, cadiium being much
more volatile than zinec.

Caesia. This rare alkali imparts a beautiful violet to the blowpipe flame,
and when mixed with potassa and rubidia can only be distinguished by the
employment of the spectroscope.
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105, Carbon and Carbonic Acid. 1. Carbon in the form of diamond or of
graphite, disappears when heated for some time B. B.; the former leaves no resi-
due, the latter generally more or less of a red ash.

: Fused with nitrate of potassa, carbon detonates, forming carbonate of potassa.
Carbonates effervesce when treated with dilute hydrochloric acid ; a few require to
b;a pulverized, and in some cuses heat is necessary before the effervescence * takes
place. .

2. Some carbonates lose their carbonic acid by simply heating in the closed
tube ; in these cases it may be detected by inserting a strip of moistened litmus
paper in the tube, when the blue color will be changed to red, but on drying the
original blue color will be restored.

3. Organic substances, except oxalates and formates, decompose in the closed
tube, yielding a burnt odor, and usually oily products. .Anthracite gives off
moisture, but no empyreumatic oil. (See Coal, in the tables, chapter iv.)

106. Cerium. When in combination with other earths, cerium cannot with
certainty be detected B.B. In most silicates where it, with lanthanum and didy-
mium, occurs in considerable quantity, it may be readily detected after separation
of silica and precipitation by ammonia, by treating the washed ammonia precipi-
tate with oxalic acid, which dissolves out iron with alumina, leaving the cerium
earths as insoluble oxalates ; this residue when washed and ignited gives a cinna-
mon-brown powder, which is the characteristic color of sesquioxyd of cerium.

1077. Chlorine. 1. Chlorides, like bromides, may be detected by adding a
small portion of them to a bead of salt of phosphorus which has previously been
saturated with oxide of copper; the bead becomes instantly surrounded with a
beautiful and intense purplish-blue flame, without any of the tinge of the green
which is observed in examining a bromide.

2. The soluble chlorides give the same reaction as described under bromine with
sulphate of iron and copper on a silver plate.

3. Nitrate of silver produces, even in highly dilute solutions of hydrochloric
acid or metallic chlorides, white curdy precipitates of chloride of silver, which upon
exposure to the light change first to violet and then to black.

108. Chromium. 1. Chromium is detected by the emerald-green color which
its compounds impart to the borax and salt of phosphorus beads.  Chromium must
aot be confounded with vanadium, which gives the same reactions in R. F., but
differs by yielding a yellow bead with salt of phosphorus in O. F., which flux never
acquires other than a green color from chromium.

2. Minerals containing but little oxide of chromium associated with other metals
which color the fluxes, are best treated by fusing on platinum wire or in a plati-
num spoon with a mixture of equal parts of soda and nitre. The mass is heated
for some time in O. F., whereby chromic acid is formed. The fusion is dissolved in
water, and the solution poured off from the residue ; to this solution a drop or two
of acetic acid, and afterward a crystal of acetate of lead, are added, when a lemon-
yellow precipitate of chromate of lead is formed. This may be collected on a filter,
washed, and tested with borax and salt of phosphorus.

3. A mineral which contains a small amount of chromium, and is not decomposed
by nitre, is fused with one and a half times its volume of soda and three-fourths its
volume of borax to a clear bead ; this is pulverized, dissolved in hydrochloric acid,
and evaporated to dryness, dissolved in water; the residue of silica filtered off ;
the protochloride of iron changed to sesquichloride by boiling with a few drops of

* Care must be taken not to confound minerals which contain a carbonate as an impurity
with pure carbonates. If the substance under examination be a pure carbonate it can be
completely dissolved in nitric acid, and effervescence will continue 8o long as any portion re-
mains undissolved. *
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nitric acid, and the chromium, alumina, iron, etc., precipitated with ammonia.
The precipitate is collected, and tested as above.

109. Cobalt. 1. In most cases can be recognized by the characteristic blue
bead it gives in both flames with borax. This color is variously modified by other
metals.

2. Should iron be present, the glass will appear green while hot, and blue when
cold, If the substance contains copper or nickel, the cobalt-blue color can hardly
be perceived, and the bead must be treated on charcoal, with tin in R. F., until 1t
becomes transparent, and effervescence has ceased. The copper and nickel will be
reduced to the metallic state, and the glass will have a perfectly pure blue color.

3. Compounds of cobalt with arsenic, and arsenides of other metals, when fused
upon charcoal until arsenic fumes cease to be given off, then treated with borax in
R. F., give, when freed from iron, a pure smalt-blue color; if iron be present it
will be oxidized before the cobalt, and the bead will have a bottle-green color.
The metallic globule is then treated with a fresh quantity of borax, and this opera-
tion is repeated until the bead gives a pure cobalt reaction.

In testing metallic nickel for cobalt it is necessary to combine the nickel with
arsenic, which may be done by mixing the finely divided nickel with metallic
arsenic, placing it in a depression in the charcoal, and fusing in R. F. The fused
globule is then tested with borax, as just described in case of an arsenide. The
volatile metals in combination are recognized by their sublimates on charcoal.

110. Columbium. Ifa mineral which contains columbic acid be powdered
and fused with bisulphate of potassa, the fused mass powdered and dissolved in
water, the columbic acid, and tantalic acid if present, will be insoluble; while
the bases and titanic acid, if present, will be dissolved, and can be thus separated.
The residue is treated with sulphide of ammonium, to free it from tungstic
acid and oxide of tin, if these be present, and after filtration and thorough
washing it is treated with dilute hydrochloric acid to remove traces of iron.
The residue is treated with hydrochluric and sulphuric acids, with the addi-
tion of metallic zinc. If only a tantalute be present, no coloration ensues, or
but a slight one. If a columbate is similarly treated, the separated columbic acid
rapidly assumes a blue color, which gradually fades, and finally becomes brown.

111 Copper. 1. The green color which most copper compounds give to the
blowpipe Hlame, and the reactions of its oxides with the fluxes, render its presence
easily detected. The production of a red bead with salt of phosphorus in R. F.
is rendered more certain by the treatment of the bead oncharcoal with a small
amount of tin.

2. Copper may also be detected by saturating a salt of phosphorus bead with
the substance containing it, and adding chloride of sodium, when the bead will
color the flame beautifully blue, owing to the formation of chloride of copper.

Many minerals give this reaction by simply moistening in hydrochloric acid and
exposing in the platinum forceps to the flame; silicates should be first pulverized,
moistened with hydrochloric acid, and evaporated to dryness in a porcelain cap-
sule ; then made into a paste with water, and heated on platinum wire.

3. In case the copper is combined with nickel, cobalt, iron, and arsenic, the
greater part of the cobalt and iron may be soparated by treating with borax on
charcoal. The remaining metallic globule is fused with a small quantity of pure
lead, and then boric acid is added ; this last dissolves the lead and the rest of the
cobalt and iron, while most of the arsenic is volatilized. The cupriferous nickel
globule, which still may contain a little arsenic, is treated with salt of phosphorus
in O. F.; the bead obtained will be dark green while hot and clear green when cold.
This last green is caused by a mixture of the yellow of oxide of nivkel and the blue
of oxide of copper.
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4. According to Guericke,* a very delicate test for copper is to mix the sub-
stance under examination intimately with chloride of silver, and fuse on iron wire;
in this manner the smallest quantity of copper may be detected by the blue color
imparted to the flame.

112. Didymium. See p. 36.

113. Erbium. See Yttria.

114. Fluorine. 1. Hydrofluoric acid imparts to Brazil-wood paper a straw-
yellow color.  Silicates containing even a small quantity of fluorine, when heated
in the closed tube, give off hydrofluo-silicic acid; this is decomposed into silicic
acid, which is deposited near the assay and hydrofluoric acid, whieh passes off,
and the latter may be detected by inserting a strip of moistened Brazil-wood
paper at the open end of the tube.

2. When fluorides are heated in a glass tube with bisulphate of potash, hydro-
fluoric acid is given off. This etches the tube immediately above the assay, and
gives the reactions with Brazil-wood paper just mentioned.

3. The best method for the detection of fluorine in all cases is to mix the assay
with previously fused salt of phosphorus, and bheat in the open tube in such a
manner that the flame passes into the end of the tube.

In this way hydrofluoric acid is formed; it may be recognized by its peculiar
pungent odor and its corrosive action on the inner surface of the glass tube, ren-
dering it opaque and lustreless at the points where moisture has condensed. For
a confirmatory test the reaction with Brazil-wood paper may be employed.

As the heat required in this experiment is so great that the glass tube often
becomes soft and unmanageable, it has been recommended to use a piece of plati-
num foil rolled together and inserted into the end of the glass tube, as in Fig. 25.

F10. 2.

The substance to be tested is placed with the flux upon the projecting part of|
the foil, and the flame directed as hefore,

115. Glucina gives no reactions which admit of being determined B. B. with
certainty (see page 33). It is not of frequent occurrence, being only found in com-
bination with silica and alumina.

116. Gold may usually be recognized by its physical characters. It is sepa-
rated from the easily volatile metals by simple heating on charcoal in O. F. If
associated with copper or silver, it must be fused with a large excess of metallic
lead and subjected to cupellation (see 142). The copper becomes absorbed and
passes off with the lead, while the silver remains alloyed with the gold. If the
globule is quite yellow it is proof that but little silver is present ;- it is then to be
tested with salt of phosphorus to prove the presence of silver, which after fusion
will impart an opaline appearance to the cool bead. If it be more of a silver color,
the amount of gold will be small, and in order to prove its presence the globule
must be digested with hot nitric acid in a test-tube or porcelain capsule; the
. silver is thus dissolved, and the gold remains in a fine powder or as a spongy
mass. If this powder be washed and fused with borax on charcoal it will yield
a globule of metallic gold. In combination with infusible metals, such as platinun,
iridium, palladium, and rhodium, the alloy obtained B. B. is less fusible. For their
separation the wet reagents must be employed.

7. Indium. Colors the flame beautiful violet. (See table, p. 36.)

4 * Pharm, Centralblatt, 1855 ; 195.
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118. Jodine. 1. Iodides, added to a bead of salt of phosphorus which has pre-
viously been saturated with oxide of copper, tinge the outer flame an intense
emerald-green color. (Compare bromine and chlorine, 103, 107).

2. Iodides, like bromides, are decomposed by fusion with bisulphate of potash ;
free iodine is liberated, and may be distinguished by its characteristic violet color
and its disagreeable odor. If an iodide be added to a mixture of carbonate of
lime and caustic lime, then intimately mixed with a small quantity of chloride of
mercury and heated in a closed tube, iodide of mercury will be sublimed ; this is
easily recognized by its first yellow and then red-yellow color. It is best to
draw the tube out to a narrow neck a short distance from the assay, and for the
success of the experiment it is necessary that all the substances employed be per-
fectly free from moisture. This test is said to be even more delicate than the
starch test, which is used in the wet way.

119. 1. Iron is distinguished by the characteristic color its oxides impart to
borax and salt of phosphorus, as well as by its compounds yielding a magnetic
powder with soda on charcoal. (See treatment with soda, 94.)

2. In the presence of easily reducible metals, such as lead, tin, bismuth, anti-
mony, or zinc, iron may be detected by treating the assay with borax and char-
coal in R. F., until everything except the ivon has been reduced, when the borax
glass will have a bottle-green color. If the substance contains much tin, or if the
bottle-green glass is fused with tin-foil in R. F., the iron becomes entirely reduced to
protoxide, and the bead has a pure vitriol-green color.

3. In case the substance contains cobalt, nickel, and copper, the two latter will
be reduced by the tin, while the cobalt will color the bead blue. To detect the
iron it is only necessary to heat a portion of the blue bead, with addition of fresh
borax, on platinum wire in O. F.; the bead will be green while hot and blue on
cooling.

4. To distinguish the presence of protoxide of iron in minerals, Chapman
recommends the following method :—* A small quantity of black oxide of copper
is dissolved in a bead of borax and platinum wire s0 as to form a glass which
exhibits, on cooling, a decided blue color. To this the test-substance in the form
of powder is added and the whole is exposed for a few seconds, or until the test-
matter begins to dissolve, to the point of the blue flame. If the substance con-
tain protoxide of iron it will be converted into sesquioxide at the expense of some
of the oxygen of the copper compound, and opaque red streaks and spots of red
oxide of copper will appear in the glass, as the latter cools. If only sesquioxide
of iron is present, the glass on cooling will remain transparent, and will exhibit a
bluish-green color.

120, Iridium. (See p. 36.)

121. Lanthanum. (See page 37.)

122. Lead. 1. Compounds of lead give globules of metallic lead when heated
with soda on charcoal B. B. It is recognized by its physical properties, as well as
the characteristic coating it gives upon the coal (75, 5, ). The coating is
modified by the presence of various other volatile metals. In the presence of zinc,
the characteristic color of the lead coating is recognized on cooling, since the oxide
of zinc becomes white. In the presence of bismuth, the oxide of which often ob-
scures the lead, it is detected by heating the sublimate in the R. F., when the flame
will be tinged with the azure-blue color which is characteristic of lead in the ab-
sence of selenium. The presence of selenium in such cases is evident from iws
odor.

2. Combinations of sulphide of lead with other metallic sulphides are tested for
lead by treating in the R. F. either alone, or with borax to separate iron ; and the
lead is recognized by its coating. In such combinations the oxide of lead is sure
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rounded by a white coat of sulphate of lead, which renders the presence of small
amounts of antimony uncertain. The safest way under such circumstances is to
mix the powder of the substance with soda, which retains the sulphur; this mixture,
when treated in the R. F., gives the pure lcad coat, and if antimony is present it
i8 detected by its white sublimate beyond the sublimate of oxide of lead.

3. In solutions of the salts of lead, sulphuric acid gives a white precipitate of
the sulphate of lead, which is neaily insoluble in water and dilute acids. It is
best to add a considerable excess of dilute sulphuric acid, evaporate the solution on
a water-bath, and add water to the residue, when delicate tests are to be made in
the wet way.

128. Lime. Lime imparts a characteristic yellowish-red color to the flame.
When observed through copper-green glass the lime flame appears siskin-green ;
with cobalt-blue glass it is pale greenish-gray, and is almost entirely obscured.
Many lime salts react alkaline to test papers after ignition. It is distinguished
from baryta and strontia in the wet way, by the fact that sulphuric acid gives
no precipitate in dilute hydrochlovic solutions. ~Sulphuric acid gives a precipi-
tate in the concentrated solution which distinguishes it from magnesia.

124. Lithia. The red color which pure lithia salts give to the flame is more
or less modified or entirely obscured when mixed with other substances. Seen
through green glass the lithia flame appears orange colored, with red glass is col-
ored deep red, but with cobalt glass of sufficient thickness the flame is invisible.
Silicates containing only a little lithia scarcely color the flame -red ; but if the
pulverized mineral be mixed with one part of fluor-spar and one and one-half of
bisulphate of potash, the whole made into a paste with a little water and exposed
on platinum wire to the point of the blue Hame, the outer flame will be colored
distinctly red. Chapman has proved that the lithia flame, unlike strontia, is not
obscured by the presence of baryta. He suggests fusing lithia minerals with
chloride of barium ; the phosphate, triphylite, when thus treated gives a beauti-
ful crimson color.

125, Magnesia is recognized by its reaction with nitrate of cobalt (80, 2).

In combination with other earths, the wet way must be employed for its detec-
tion. Sulphuric acid does not produce a precipitate in its concentrated solution.

126. Manganese. The reactions of manganese with the fluxes are so
peculiar and delicate that it may be recognized even when it exists in the smallest
quantity, and in the presence of almost every other substance. The soda test in O.
F. on platinum wire is the most delicate. If a reaction be not obtained with soda
alone, a small fragment of nitre should be added to the assay, and the mass

n heated. When testing substances which do not dissolve readily in soda it is
well to add a little borax to the bead, and this also makes the test much more
delicate (Chapman).

127. Mercury and amalgams give a sublimate of metallic mercury when heated
in a closed tube. Compounds of mercury heated in a closed tube with soda yield
metallic mercury, which condenses on the tube above the assay. When a gray
sublimate is obtained, without distinct metallic globules, the part of the tube
coated with it is cut off and boiled in a test tube with a little dilute hydrochlorio
acid; by this treatment the mercury collects into shining globules. In case mer-
cury exists in so small a quantity that the sublimed metal is not perceptible, it
may be detected by inserting a piece of gold-leaf held on the end of an iron wire
into the tube, just above the assay; on heating, the meroury is volatilized and
unites with the gold, giving it a white color.

128. Molyhdenum. The sublimate which molybdic acid gives on charcoal
(15, 5, m) and its reactions with borax and salt of phosphorus serve to distinguish
it in mosc instances.
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‘When it is present in small quantity, particularly when associated with copper
and tin, as in some furnace products, it is necessary to have recourse to the wet
way. The solution of a mineral containing molybdenum in hydrochloric acid, or
the hydrochloric solution of the fusion with nitre and soda of an insoluble sub-
stance, when boiled with tintoil is colored dark blue by the separated molybdate
of molybdenum (compare Tungstic Acid, 153). Molybdic acid can also be re-
cognized by heating the finely pulverized substance in a porcelain dish with con-
centrated sulphuric acid, and then adding alcohol. The fluid when cold acquires
a fine azure-blue color, especially upon the sides of the dish.

129. Nickel may be recognized by the color its oxide imparts to borax and
salt of phosphorus, together with its easy reduction to the metallic state in R. F.

Arsenical compounds of nickel, cobalt, iron, and copper are treated with glass
of borax (see Cobalt, 109). When the borax is no longer colored blue from
cobalt, but acquires a brown color, which is violet when hot, the metallic globule
is separated from the borax, and treated with salt of phosphorusin O. F. If
copper as well as nickel be present in the assay, the glass thus obtained will be
green both while hot and cold; treated with tin on charcoal it will become red
and opaque on cooling. A small quantity of nickel occurring in cobalt compounds
cannot always be detected by the foregeing method. In such cases Plattner re-
commends saturating one, or if necessary several borax beads with the substance
on platinum wire. The beads are then fused on charcoal in R. F. with from 50 to
80 milligrammes (0.75 to 1 grain) of fine gold ; the oxide of nickel, together with
a small portion of the cobalt, is reduced to the metallic state and unites with the
gold. The metallic globule is then freed from the flux and treated on charcoal in
O. F. with salt of phosphorus. The bead itself will be colored blue, as cobalt is
easier oxidized than nickel, or perhaps if a little nickel be also oxidized it will
be dark violet while hot and dirty green on cooling; in both cases the globule is
separated from the flux and treated with a new portion of salt of phosphorus.
If the original bead with borax was not too saturated, this second bead with salt
of phosphorus will be of a pure nickel color. Should copper as well as nickel be
present in the gold globule, the salt of phosphorus bead will be green while hot,
and retain its green color on cooling ; treated with tin in R. F. as before described,
the head will become red.

130. Nitrates. When nitrates are fused in a glass tube with bisulphate of
potash, dark reddish-yellow nitrous fumes are evolved. The color is best observed
by looking lengthwise through the tube held against a white ground.

All nitrates detonate when heated on charcoal ; those of the alkalies and alkaline
earths detonate violently, and are converted into carbonates.

131. Osmium. See p. 39.

132, Oxygen. Oxygen is evolved from some compounds by simple ignition.
The substance under examination is placed in a closed tube with a bit of charcoal
above it, the charcoul is first brought to ignition, and then the substance is heated,
when, on liberation of oxygen, the ignited splinter of coal will glow with increased
brilliancy.

133. Palladium. See p. 39.

134, Phosphates. 1. The green color (78, 4,f) which phosphates give to
the flame serves in many cases for their detection. This coloration is heightened
by the addition of a drop of concentrated sulphuric acid, but is rendered unsatis-
factory in the presence of other substances giving a green flame.

2. If a pulverized phosphate is fused in a closed tube with a bit of metallic
* magnesium or sodium, the phosphoric acid will be reduced, and if the fused mass
on cooling is moistened with water, phosphoretted hydrogen will be given off,
recognizable by its characteristic disagreeable odor.
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133. Ruthenium. See p. 19
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teri-tic that the slizhtest trncem of it o Pl boo b Lo bl
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characteristic odor of nelenium,

14L Silica. 1. When silien fa heated with moda, s chiar ghisa ia obitatind if
the soda be not in excexd. Thin prue s Hhalbiauiabiva ablbes B Hie cartha §oeilicis
may, however, contain alwming wind still Fuse with aoda ta a loas Klaaa.

In most silicates the silien iy b beies ol by hrl'; ob salt of |||um,ulml‘lln (B
p- 26).  The experiment should b pusborsi d with w sidl fraginent, Tow which
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2. When a finely powdered atlisate i fueed with an excean of vi botate: of sodis,
the resulting mass dixsolved in dilite hydrochibnic acid, sl cvaporatod to diy
ness, the silica is rendered ilmullll:ln; ail un luuinll-uiug the restdus with atronyg
hydrochloric acid, and diseolving in hot water, the silica will vomein bebind, wind
can be separated from the buses if desived.

3. Most of the hydrous xilicutes, sl wany which ave unhydrous, but which sone

* The blue glass should bo of anfaiant thickness to entirely abscure & ithia flame there
is no objection to using two or threa thickurnas of ylass if necessary.

4 Oxalate or carbonate of nickel (emerald nikel) may be siployod, Tt muat be froe from
cobalt (not give a blue glass with borax).
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tain an excess of base, are decomposed by strong hydrochloric acid ; the bases then
unite with the hydrochloric acid, while the silica separates either as a gelatinous
hydrate, or as a non-gelatinous powder.

142, Silver. Silver is recognized by its physical characters as well as by the
brown coating it gives when heated on charcoal in O. F.

‘When associated with volatile and easily oxidable metals, it may be separated
by heating on charcoal in O. F. [f the silver be associated with a large quantity
of lead or bismuth, it is best to subject it to cupellation. The following process
serves for the detection of silver in most argentiferous minerals : The substance is
mixed with its own bulk of borax glass and an excess of pure lead (except in cases
where lead or its oxide already exists, as in litharge, minium, cerusite, etc.), the
mixture is placed in a cylindrical cavity in the charcoal, and fused in R. F.  The
flame should at first be directed entirely upon the borax glass; after the earthy
substances have been dissolved and the metallic particles united into one globule,
this globule is subjected for a short time to the O. F., thereby separating such
volatile and easily oxidizable substances as may be present. The remaining
globule containing a large excess of lead and all the silver, together with the larger
portion of the nickel and copper, is then separated from the flux and subjected to
cupellation.

For this purpose finely pulverized bone-ash is mixed with a small quantity of
soda, and made into a stiff paste with water. This paste is placed in a circular
cavity in charcoal, half an inch in diameter and one quarter inch deep, and the
surface of it made concave and smooth by pressing it with an agate pestle or other
suitable convex surface. This cupel is now carefully exposed to a gentle heat
till perfectly dry.

The lead globule, freed from all adhering flux, is placed upon the cupel, and
treated in O. F. Should much uickel or copper be present, an infusible coating is
formed which prevents the desired oxidation ; this may be counteracted by the fur-
ther addition of a small quantity of pure lead. The blast is kept up until all
traces of lead have become oxidized ; this is indicated by the cessation of the rain-
bow-colors of the oxide of lead which play over the surface of the button. When
the quantity of litharge that is formed in the process of cupellation is large, the
globule of silver, still containing lead, may be removed to a fresh cupel and there
refined. The instant when the last traces of lead disappear can then be more
readily perceived ; this point is indicated by the sudden brightening of the glob-
ule. The remaining metal, when free from gold, has a silver-white color. It may
be tested for gold as described under that metal.

143. Soda. Soda is readily distinguished even in compound substances by the
intense yellow color it imparts to the outer blowpipe flame. The soda flame is
invisible when observed through cobalt-blue glass and red glass; with green glass it
is orange colored. Soda is not precipitated from solution by bichloride of platinum.

144, Strontia. The crimson color imparted to the outer flame serves in most
instances for the detection of strontia and its salts. In the presence of lime this
reaction is less characteristic, and a small amount of soda obscures it altogether.
The color is intensified by moistening with hydrochloric acid. 'When the strontia
flame is observed through cobalt glass it appears of a pale purple to rose-red
color, through green glass it is orange, and with red glass it has a deep red color.

After ignition its salts give an alkaline reaction on test paper, and it is distin-
guished from liwe, which also gives a red flame, in that its dilute solutions are
precipitated after some time by sulphuric acid.

145. Sulphur. Sulphuric Acid. Free sulphur fuses and sublimes; on
charcoal burns with a blue flame, forming sulphurous acid. The higher sulphides
give off sulphur when heated in a closed tube ; the neutral sulphides and sub-sul-
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‘phides give off sulphurous acid when heated in an open tube. The sulphurous
acid may be detected by its odor or by its reddening and bleaching action on a
strip of moistened blue litmus paper. Small quantities of sulphides and the sul-
phur in sulphates may be detected by fusing with two or three parts of soda on
charcoal in R.F. In using this test it should be kept in mind that illuminating
gas often contains sulphur; where this is the case a candle or lamp flame should
be used (see 93). The sulphur is hereby converted into sulphide of sodium,
which, placed on a clean silver surface and moistened with water, causes a brown-
il:x or black stain on the silver. In the presence of selenium this reaction cannot
used.

The soda used for the detection of sulphur should always be tested by itself for
sulphur, which is a common impurity, and if it give the reaction, it should be
treated as described on page 30.

The solution of a sulphate in hydrochloric acid gives a precipitate of the sulphate
of baryta, on addition of chloride of barium.

The following is a delicate test for sulphides in the wet way. An amount of
the assay powder that can be taken upon the point of the knife is mixed with a
like volume of iron powder (ferrum alcololisatum of the apothecary), the mix-
ture placed in a cylinder of glass two and a half inches long and about an inch
in diameter, and hydrochloric acid is poured upon it (one volume concentrated
acid and one volume water). A strip of filter paper, which has been moistened
with acetate of lead and again dried, is placed beneath the cork that fits the tube,
which is then closed, the paper projecting from the tube a short distance. In
about one minute the color of the paper is observed, and the glass shaken if neces-
sary. If sulphur be present the paper will be blackened by the formation of the
sulphide of lead.

146. Tantalum. See Columbium,110.

147. Tellurium. 1. Tellurides heated in the open glass tube, give a white
or grayish sublimate, fusible B. B. into colorless or nearly colorless drops. On
charcoal they give a white coating, and color the R. F. green.

2. When a substance containing tellurium is triturated with soda and charcoal
dust and fused in a closed tube, then allowed to cool, and a little hot water
dropped into the tube, the water assumes a beautiful purple color from the dis-
solved telluride of sodium.

3. Tellurium compounds when gently heated in a matrass with much concentra-
ted sulphuric acid, impart to it a purple color, which disappears on the addition
of water, while a blackish-gray precipitate is formed.

148. Terbia. See Yttria.

149. Thallium. Colors the flame intensely green. (See p. 18.)

150, Thoria, gives no reactions which permit its determination with cer-
tainty.

151. Tin. In the metallic state, tin is easily distinguished by its physical char-
acters and its reactions in O. and R. F. on charcoal (75, 5,7). Sulphides containing
tin must be roasted, and the roasted mass treated with a mixture of soda and borax
in R. F.; the product is metallic tin, which can be further tested on charcoal.
Oxides containing tin are best treated with soda or cyanide of potassium on char-
coal ; if much iron is present borax should be added. When tin and some of its
compounds are treated with nitric acid, oxide of tin separates as a white precipi-
tate, which can be separated and tested as above.

152, Titanium. 1. The violet color given by titanic acid with salt of phospho-
rus in R. F. gerves in most cases for its detection. In the presence of iron the violet
color first appears when the bead is treated with tin in R. F. on charcoal.

2. If a substance containing titanium is fused with carbonate of soda, and the
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resulting mass dissolved in hydrochloric acid, and then heated with tin or znc,
the titanic acid is reduced to sesquioxide of titanium, coloring the liquid violet, and
finally the violet hydrated sesquioxide separates.

When the fusion of a substance with six or eight parts of bisulphate of potassa
is dissolved in a very little water, the clear solution decanted from the insoluble
residue and a few drops of nitric acid and five or six volumes of water added,
titanic acid if present will separate on boiling as a white precipitate.

153. Tungsten. Tungstic acid gives a blue color with salt of phosphorus in
R. F.; with much iron the bead becomes dark red, but treated on charcoal in
R. F., with tin it gives a blue color.

When a tungstate is fused with carbonate of soda and treated with hydrochloric
acid and zinc as above (see Titanic Acid), a fine hlue color is obtained,

Tungstic acid is insoluble in acids ; hence if a tungstate like scheelite is decom-
posed by acids, the tungstic acid separates as a yellow powder.

154. Uranium. The reaction with phosphorus salt serves in most instances
for its detection.

155. Vanadium. In the absence of other colored metallic oxides, vanadium
may be detected by borax and salt of phosphorus; it may be distinguished from
chromium by the color which it gives to salt of phosphorus in the O. F.

156. Water. Water may be detected by heating the assay in a matrass or
closed tube, care being taken to free the tube from all moisture before inserting
the assay. If a substance contains hygroscopic water, or if it be a soluble hydrous
salt, the water is almost immediately given off and condenses in the upper part of
the tube in distinct drops. . Insoluble substances containing water require to be
heated somewhat higher. See further under examination in the closed tube, 73.

157. Yttria. (Erbia and Terbia.) For the detection of these rare earths re-
course must be had to analysis in the wet way.

158. Zine. The reactions of this metal on charcoal, together with the green
color which the oxide gives with cobalt solution, allow of its being detected when
it exists in considerable quantity—and even in extremely small quantities, if it be
not associated with other metals whose reactions are such as mask those given by
the zinc. If a small quantity of zinc be associated with large quantities of lead,
bismuth, or antimony, it is with difficulty detected. If a mixture of different
metallic oxides be fused with a mixture of two parts soda and one to one and a balf
parts borax, zinc will be volatilized, and in the moment of coming in contact with
the air, is oxidized and gives a coating on the coal. If the substance contain a
large amount of lead, this is also oxidized and coats the coal, but on moistening
with cobalt solution and heating in O. F., the lead coating is reduced by the char-
coal, and the zinc coating becomes green on cooling. If the quantity of zinc is
extremely small, it is best to moisten the coal with cobalt solution before heating
the assay. In the presence of tin and antimony it is almost impossible to detect
small quantities of zinc B. B.

159. Zirconia. This earth as usually obtained gives out an exceedingly bril-
liant light when heated B. B. A dilute hydrochloric acid solution of zirconia, or
of minerals containing zirconia, imparts an orange-yellow color to turmeric paper
when it is moistened with the solution.
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be known, and naming minerals from their color or other physical properties often
leads to serious errors, especially with inexperienced observers, and these alone
need the caution, since the experienced person well knows the impossibility of al-
ways recognizing minerals from the evidence of sight. It is thought by this ar-
rangement of the Tables that more definite ideas of the groupings of minerals will
be gained by the student, and that he will more readily comprehend which are the
general and which the specific reactions of the smaller divisions. Almost all the es-
tablished mineral species are included, but for the sake of convenience, their relative
importance, or frequency of occurrence, or facility of determination, has been indi-
cated arbitrarily by the size of the type in which the name of the species is printed.

An attempt has been made, as far as possible, so to arrange the groups and
divisions, that such errors of observation as are likely to be made, shall not pre-
vent one from arriving at a correct conclusion. Since some minerals occur in one
variety with metallic, and in others with non-metallic lustre, and since the fusibility
of a mineral often varies, or may be underrated or overrated by the experimenter,
and since the constituent elements of some mineral species are not constant, such
are found under both or all of the divisions to which they might be assigned.

The following general directions may serve to assist in the use of the Tables :—

Lustre. Under the head of metallic lustre only those minerals are included
which are perfectly opaque. To determine this a fine splinter or thin edge should
be held between the eye and the light, or fine fragments should be placed upon a
white plate, when, if the slightest translucency is observed, it is included under
“ non-metallic.” It is evident that opacity alone does not make metallic lustre,
but that the mineral must also possess the lustre which suggests it to be metallic,
and must not grind to an earthy powder as do some non-metallic minerals which
otherwise might be called metallic. In this, as in many other determinations,
good judgment in the operator will be constantly required.

Fusibility. For determining the fusibility of minerals, the following scale is
employed :

Scale of Fusibility.
1. Stibnite (antimony glance)....... Fulsible in the flame of & candle, in
arge fragments.
2. Natrolite..........co0uenn. Ceees Fusible in the flame of a candle, in

small fragments.
3. Almandine Garnet (alumina-irou- 3 Infusible in the candle flame, but easily

garnet........ooiueinniann ceees fusible B.B., even in somewhat large

pieces.
4. Actinolite...........covviunnnnn. Fusible B.B., in rather fine splinters.
6. Orthoclase ............. Ceiieaas Fusible B.B., in finer splinters.
. B.B. becomes rounded only on the finest
6. Bronzite...........c.oiiuennn { points and thinnest edges.

Splinters of these minerals are kept ready for use, and in determinations
their fusibility is compared with that of like splinters of the assay. The evidence
of fusion is the rounding of sharp edges. It should be remembered that some
minerals swell up before the blowpipe but do not fuse, and other phenomena take
place which without careful observation might be mistaken for fusion. Only the
O. F. should be used, since some substances, which are infusible in the O. F. are
easily fusible in the R. F., on account of the reduction of some of their oxides to
a lower fusible state.

Hardness.—In testing hardness, the scale proposed by Mohs, and almost uni-
versally adopted, is here employed. .
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Scale of Hardness.

1. Tale. 3. Calcite. 5. Apatite. 7. Quartz. 9. Corundum.
2. Gypsum. 4. Fluorite. 6. Feldspar. 8. Topaz. 10. Diamond.

The scale represents the crystallized varieties of the minerals mentioned. The
hardness of a mineral is found by finding what numbers will scratch, and what are
scratched by the mineral to be tested. Thus, if a mineral will not scratch apatite,
but will scratch fluorite, it is of a hardness between 4 and §; or if the mineral is
scratched by apatite and not by fluorite, it is of a like hardness. Sharp corners
maust be used in scratching, and particular care should be taken in this as in all
other cases, that impurities do not come in to mo:lify the result; thus a grain of
sand in some of the impure varieties of galena, if it happen to come upon the
corner which is used, would make the mineral appear quite hard, and without
proper caution many such errors will be made.

Color.—Great care must be taken in forming any conclusions from the color
of minerals. In minerals of metallic lustre, the color is generally constant, and
often very characteristic, in some of the non-metallic species the same is true;
but experience will teach how greatly the colors of non-metallic minerals vary,
and varieties are constantly found differing in color from all that were previously
known. Hence, especially in non-metallic minerals, the color which is given
should only be regarded as an aid or suggestion in the determination.

Streak.—The streak of a mineral is tested by scratching it with a knife or file,
or better, if not too hard, it may be drawn across a piece of unglazed porcelain,
and the color of the mark which it leaves behind observed.

Specific Gravity.—Considerable skill can be gained by noticing the compara-
tive weight of minerals held in the hand, and though no accurate determination
can thus be made, the column giving specific gravity can be used in the field, as
designating whether minerals are heavy or light. For accurate determinations,
the apparatus, described in the foot-note below,* gives very quick results and in

1
* The specific gravity of minerals is easily taken by means of an
instrament devised by Prof. Jolly. See Fig. 26. This consists of a
graduated strip of looking-glass set in a vertical rod (A) properly sup-
ported. A steel or brass wire in the form of a spiral is suspended
from a, and bears upon its lower end the two pans. ¢ and d. The
spring can be placed at any desired height by elevating the smaller
rod (C), as shown in the figure. The pan d is suspended in water in
the glass, which rests upon the sliding support B. At m is a signal
which serves as a mark for the stretching of the apiral. The reading
is taken Ly bringing the mark and the image of the mark in the
mirror scale to a level. The tcale d being in the water, the position
of the mark m is taken = x. A fragment of the mineral, weighing
from one to five grammes, is now placed in ¢, the support B moved
downward till the instrument again comes to rest, the scale d being
still in the water, and the position of the mark m again taken =y.
Then y—x = weight in air. The fragment is now transferred to ¢ and
the position of m again noted —=z. Then y—z = loss of weight in
water. Divide weight in air by loss of weight in water and we have the
specific gravity. As the weight is not absolute, the manner in which
the scale is graduated is of little importance if it be regular, and hence
the apparatus is easily constructed. This spring balance is known in
Germany as the Federwage, and is furnished by Mechaniker Berberich
in Munich, for nine florins,
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most cases with advantage, can be made to replace the ordinary chemical bal-
ance.

Testing for Water.—In order to detect water, a fragment of the assay is placed
in the bottom of the closed glass-tube or matrass and heated strongly. Water, if
present, condenses in drops on the cold part of the tube. A trace of moisture will
be found by heating almost any mineral in this way ; a little practice enables one to
decide whether or not the mineral is actually hydrous. Decrepitating minerals may
be enveloped in a piece of copper foil, and thus placed in the tube and heated.

Decomposition by Acids.—In testing whether a mineral be decomposable by hy-
drochloric acid, it must first be pulverized as finely as possible in a mortar, and
then gently boiled with tolerably concentrated acid for ten minutes or more, unless
the solution is sooner completed. The digestion is carried on in a small glass flask,a
large test tube, or a casserole. In cases where the fact of the decomposition is not
evident to the eye, by the formation of a jelly, disappearance of the powder or other
effects, the acid must be separated by decantation or filtration from the residue,
gmmonia or carbonate of soda added in excess, and then a few drops of phosphate
of soda. When both these reagents give no precipitate, or cause but a few flocks
to appear, the mineral may be pronounced nearly or quite undecomposable. The
production of a decided precipitate is evidence that it has been decomposed.

Gelatinization. When silicates are decomposed by hydrochloric acid, the silica
sometimes separates in the pulverulent condition, when the wineral is said to be
soluble in acid with the separation of silica without forming a jelly; sometimes
the silica separates from the bases in its soluble condition, and then when the
solution is boiled nearly to dryness, it will have the consistency and appearance
of jelly. Such minerals aie said to gelatinize with hydrochloric acid.

Many silicates not apprecinbly attacked by acids gelatinize after they have been
previously ignited, as for example garnet, vesuvian, etc. Several splinters or little
pieces of the assay are fused or strongly ignited, then pulverized and boiled in a
test tube with rather dilute acid ; on evaporating the solution gelatinous lumps
will be seen in the remainder; or after standing some time (twelve hours) an evi-
dent fixed jelly will be found. After adding water, and stirring with a glass rod,
the solution may be tested for bases if desired. Other silicates, which gelutinize
with acids or are easily decomposed, will not gelatinize or are but little atfected by
hydrochloric acid after ignition.

Pyro-electricity. Some minerals when heated become electric, and have the
power of attracting light substances. Light fibres of wool or cotton, or a deer’s
hair held between the fingers, may be used to test this property.

The methods for all the other commonly recurring reactions will be found under
their proper heads in the preceding chapters.

1In seeking the name of a mineral it is necessary always to begin with the first
group and proceed in regular order to those following; for it often happens that a
mineral belonging to one group has also the characters of the succeeding ones,
while the minerals of the latter divisions may not show the reactions of the earlier
groups. The same rule is of the greatest importance in the distinctions between
subdivisions and species. Upon page 63 is given a summary of the classifica-
tion—this is merely introduced to save turning the pages, and to give a more
definite view of the larger subdivisions.

The method of using the table is best learned by some examples, first, without

the use of the general clussification.

Aluminite,
It is not metallic, turning over the pages which are headed minerals with
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metallic lustre, we come on page 72, to the minerals without metallic lustre,
to which group our mineral belongs. Looking now in the column on the left we
see A.—B.B. easily volatile or combustible, which our mineral is not ; look-
ing along this column there follows B.—B.B. fusible from 1-5, ete. Our min-
eral is infusible; turning over to page 89 we come to C—infusible or fusi-
ble above 5. Looking in the next column we see that the members of pIvIsiON
1 are characterized by giving a blue color when moistened with cobalt solution
and ignited; the mineral upon trial is found to belong here. This group is seen
to be divided into two sections; in the minerals of the one water is present, in
the other it is absent. By heating the specimen in a closed glass tube it yields
much water; it must, therefore, be songht in section a. The minerals of the first
sub-section give, on fusion with soda, a sulphuret which blackens silver, and since
the assay gives this reaction it belongs here. Of the minerals which belong to
this sub-section, the first is insoluble m hydrochloric acid and the others are
not; on trial the powder of the mineral easily dissolves and it is, therefore, alumi-
nite. Looking now in the columns on the right the determination may be sub-
stantiated by a comparison with the physical properties there tabulated. The
chemical constituents and generally the formnulas of the minerals are given, and
should always be noted, so as to fix in the mind the composition of the various
species. The formula for aluminite is X1 § + 91I. In our examination we have
detected all three of its ingredients: the alumina by the blue color with nitrate
of cobalt; the sulphuric acid by the fusion with soda, and the water in the
closed tube; but when in the determination of a species all the constituents are
not determined, those who possess the requisite knowledge can, if desirable, detect
the remaining substances by the ordinary methods of mineral analysis.
An example showing the use of the general classification will now be given.

Bornite (variegated copper).

Looking at the ‘classification on page 63 the metallic lustre of the mineral
places it under I. Itis not a malleable metal. It is fusible and therefore belongs
under A. B.B. it gives no odor of arsenic or selenium ; gives no white coating
which colors the R.F. or other reaction for tellurium, gives no fumes of antimony,
but gives the veactions for sulphur, mentioned in division 5, and hence belongs
to this division. We are now referred to page 67 on which this division is seen
divided off in the second column. Looking now in the third column, it is not
malleable, it gives no reaction for manganese, its streak is not red, it gives no
globule of lead with charcoal (turn to next page), but moistened with hydro-
chloric acid it gives to the flame the blue color of chloride of copper, and it forms
a sky-blue or green solution with nitric acid, which becomes deep violet-blue on
addition of an excess of ammonia ; of the minerals which give this color the first
give a bismuth reaction, on trial the assay does not, but it fuses to a brittle
steel-gray magnetic globule, it hence belongs among these minerals. It has not
the brass-yellow color of the first three minerals but has the variegated shades of
the next, and is therefore bornite.

The ordiuary varieties of mineral coal are included in the tables (see page 96).
It hardly need be again remarked, that only pure and homogeneous material
will give satisfactory reactions for the determination of minerals. If it is belicved
that the material being tested is not pure, regard must be paid to the impurity,
and the reaction judged of accordingly ; as, for example, many specimens of wollas-
tonits (tabular spar) etfervesce in acids, and after ignition impart a brownish red
color to moistened turmeric paper. These qualities do not belong to the pure
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mineral, but come from an admixture of calcite. Too great haste should not be
exercised in deciding upon the name of a mineral, since oftentimes the difficulties in
the way of an accurate determination can only be overcome by long and careful labor.

On beginning the study of determinative mineralogy, it is best to examine

known species, until confidence is guined in one’s ability and accuracy.

The fol-

lowing minerals are given by Von Kobell to his students; when these have all
been determined, the student will be prepared to determine any mineral which

can be distinguished by this method :—

Aluminite,
Alunite,
Anhydrite,
Antimony-Glance,
Apophyllite,
Argentite,
Arsenopyrite,
Atacamite,
Barite,
Borax,
Bornite,
Bournonite,
Calamine,
Calcite,
Cassiterite,
Celestite,
Cerussite,
Chalcopyrite,
Chalcocite,
Cinnabar,
Cobaltite,
Cryolite,
Cuprite,
Datolite,
Diallogite,
Dolomite,
Fluorite,
Galenite,
Glaucodote,
Gypsum,
Hematite,

Lapis-lazuli,
Lievrite,
Lepidolite,
Limonite,
Magnesite,
Magnetite,
Malachite,
Manganite,
Molybdenite,
Natrolite,
Niccolite,
Orpiment,
Pectolite,
Psilomelane,
Pyrite,
Pyrolusite,
Pyromorphite,
Pyrrhotite,
Realgar,
Scheelite,
Smaltite,
Smithsonite,
Siderite,
Sphalerite,
Strontianite,
Tale,
Witherite,
‘Wolfram,
‘Wollastonite,
‘Wulfenite.




GENERAL CLASSIFICATION

TABLES.

ABBREVIATIONS USED IN THE TEXT OF THE TABLES.

Amorph .. Amorphous,
B. B......Before the Blowpipe.
Div ......Division,
Fib....... Fibrous
F. Fus,... Fusibility,
Gran,.....Granulur.
H.........Hardness.
HCI ......Hydrochloric acid.
}E;m-. .ee ..llnfnnibk;.

. L...... Todide of potassium.
Mass..... . Massive,
N.........Near.

O.F...... Oxidizing flame,
P. C......Per cent.
R. F......Reducing flame,

8.... .. .8Bulphur.

8p. Gr....8pecific gravity.
8talac.....S8talactitic.
L.........Isometric.

IL . .. Tetragonal.
I1I........Hexagonal.
IV........Orthorhombic,
V.........Monoclinic,
VI........Triclinic.




GENERAL CL.

I.—MINERALS WITH METALLIC LUSTRE.

(Of those minerals whose lustre may be doubtful, only such are here included as are perfectly opaque on the thinnest edges.
The native malleable metals and mercury are easily distingnished from others (see p. 64).
The remaining minerals form the following groupes.

A .—Fusible from 1-6, or easily volatile.

. B. on charcoal give the strong garlic odor of arsenic.......... Ceeeceasosns cesecteese cesens
. B. on charcoal or heated in an open glass-tube give the strong horse-radish odor of selenium. 63

. B. on charcoal give a white coating which colors the R. F. green and greenish-blue. Ina
small test-tube, gently heated with much concentrated sulphuric acid, impart to the acid a
hyacinth-red oolor, which upon addition of water disappears, and a black gray precipitate of
tellurium is thrown down..... teseeee cesssssass e eeeeeneta s ae it aeae et taeeaaae .. 66

. B, on charcoal, or in the open glass-tube, give dense antimony fumes. ..:..c...0vveunne.. .. 65

B. B. with soda give a sulphur reaction, or placed in the open glass-tube give mlphuronu acid
which reddens a strip of moistened blue litmus paper plmed in the end ; but do not give the
reactions of the preceding divisions..........c..... Ceeesreiaseianeas O . 1

8. Not belonging to the foregoing divisions...... R cscsccnosacsstsonssasne P !

o oo
B ww

L
w

B.—Infusible or fusible above 5, and non-volatile.

1. B. B. in O. F. give to the borax bead the amethystine red of manganese...........ccecc0veea. T0
£. B. B. on charcoal after long heating in R. F. become magnetic. .. .. ceessneeaee teeseiensee cos 70
8. Not included in the foregoing divisions............. N teteanens cecesssenes . 1

IL—-MINERALS WITHOUT METALLIC LUSTRE.

A.—B.B. easily volatile or combustible.
B.—B. B. fusible from 1-6, and non-volatile, or only partially volatile.

Part L—B. B. with soda on charcoal give a metallic globule, or fused alone in R. F. become

magnetic.
1. B. B. with soda on charcoal give a globule of silver...... teessetannanse tees eesececssccsenane 72
2. B. B. with soda on charcoal give a globule of lead..... ceeeee Geteecesetactanntaanns ceseenane 73

8. Moistened with hydrochloric acid give a beautiful blue color to the blowpipe flame, and give
with nitric acid a solution which, on addition of an excess of ammonia, becomes violet-blue .
(COPPEE) .. iereersotunusaene aesseossesaasssssssnsasssnssssnssosssanssanniossaness . T4

a) B. B. on charooal evolve a strong arsenical odor........ cetrasesesarsseassacsses 4
) B. B. on charcoal evolve no arsenical odor............... Yesirees B 3

4. B. B. impart a beautiful sapphire-blue color to a borax bead (cobalt)...... ceececeanes eeenes . 76

L% B B. fused in the forceps or on charcoal in R. F. give a black or gray ma.gnet.io mass, but do |
not give the reactions of the preceding divisions. .. .. cosasenes cececcsnsenseaessas R . 7

a) During fusion evolve a strong arsenical 0d0T. . .......coovveereunrreeennnneannns . 76

b) Boluble in hydrochloric acid without leaving a perceptible residue, and without
gelatinizing

........ P |



LSSIFICATION.

PAGE

¢) Soluble in hydrochloric acid, forming a jelly, or with the separation of silioa. . ... . "

d) Only slightly acted npon by hydrochloric acid........... BN tecvvesanves 78

6. Not belonging to the foregoing divisions. ............ cosescenrsases cosssene seracasciessinns 7

Part IL—B. B. with soda on charcoal give X0 metallic glodule, or fused alone sn R. F. do not
become magnetic.

1. B. B. after fusion and continued heating on charcoal or in the forceps have an alkaline reac-

tion, and change the color of moistened turmeric paper to red-brown®...........cc.00uen. 80
a) Easily and completely soluble in water. ........cco0vieiiienereeaninnennnn ceee. 80
b) Insoluble or difficultly soluble in water..........cocovueunns ceeceseraecenntinns 81

2. Soluble in hydrochloric acid, some also in water, without a perceptible residue; the solution is
not gelatinized by evaPOrAtion. . . c..ovvviettiiiiiniiteeeeniiiiseeeressassreennanes ... 82
3. Soluble in hydrochloric acid, forming a stiff jelly upon evaporation............ cetecieneaians 83
a) B. B. in the closed tube give water......... e teeiieecienattatianesttesnnnannn 83
) B. B. in the closed tube give no water or but traces........... csrssnessavasees . 8
4. Soluble in hydrochloric acid, leaving a residue of silica without forming a perfect jelly......... &8
a) B. B. in the closed tube give WAter, .cceeeeeecreerceccaansscioncecssnceasnnnns 85
3) B. B. in the closed tube give no water or but traces .....c.cveecceieicinnnnnn. . 86

5. Slightly attacked by hydrochloric acid, and B. B. give a deep amethystine color (manganese)
tothe borax bead...........ccenvenee ceetectteceetseteetactecactectaatetatnarosnatns 87
6. Not belonging to the foregoing divisions. .....ceceseevesseccorssnsensastocesassessncoscsnne 87

C.—Infusible or fusible above 6.
1. First ignited B. B., then moistened with cobalt solution, and ngain ignlbed assume a beautiful

blue color (alnmma) .......... teerecesssecanan et tteeeeteectasetniasansatttnenttotinns
a) B. B. in the closed tube give water................. eeeeecacaceeerotantannaanns 89
b) B. B. in the closed tube give no water or but traces..... ceeeenenes Ceeeereaaean . 90
2. Moistened with cobalt solution and ignited B. B. assume a green color (zinc).. ... Ceerereeeanens 91
8. After ignition B. B. have an alkaline reaction and change the color of moistened turmeric
paper t0 Ted-DrowIl . .. ..ccuvevieeaccacscranceosessossacasssacnancns Ceereneteeaaenaans 01
4. Nearly or perfectly uolnble ln hydroohlorlo or nitric acid without gelatinizing or leaving a con-
siderable residue of silica. ........ coeves B tes sesecsscectsesassiasiaas
5. Gelatinize with hydrochloric acid, or are decomposed with the separation of silica............. 03
a) B. B. in the closed tube give water............... O cees 93
%) B. B. in the closed tube give no water or but traces..........cccvveeeieaeinnn 94
6. Not belonging to the foregoing Aivisions. .. .ceecveeeaccreciirasensorerisneceerencanianns . 94
a) Hardness under 7......ccoeeeceesenscscesescessssscsessnsnasenns R ! |
) Hardness 7 or 8bOVe 7. ..uueeeseeeneriroccaaecaassssassorsocnosasnneaeseenns ]

® Kenngott has shown that many silicates and other compounds before and after fusion have an alkaline reaction when
th mph:dnmmmhpnhmm&mmmmm; but they do not show this reaction when
hztm

>






MINERALS WITH METALLIC LUSTRE.

NATIVE METALS.

A. Fusible from 1—5, or easily volatile.

Divisiox 1 (in part),



I. MINERALS WITH

General characters. Specific characters. 8pecies.
With sulphur and iodide of potassium gives
Alg!“" fﬁ B., on charcoal, | " .'veq coating (bismuth), and leaves a glo- Maldonite.
. ismuth coating. bule of gold.
» |laa: 3 Wi ] < 4
%X’ [Soluble in nitric acid; the di- - b : ot g
2 lute solution gives.a’ precipi- The przc;gltliiigbgt mes violet-gray on ex-lg,; vpp
§ tate with hydrochloric acid. posa
- & H‘;;; dx'nore or less the color of Only soluble in aqua-regia without a residue. |GoLD.
BN — -
g é De::?gpbo:ed by aqua-regia with separation Electram.
Y vy 0 < T
Moistened with hydrochlori d colors O.
° § Of a copper-red cc_»lor. "'F. aky-blue. 4 ¢ act s '|Copper.
?i 3 Easily fusible; soluble in nitric acid ; the
Z 5 Give a lead coating on cdal. solution gives a heavy precipitate with Lead.
§ sulphuric acid.
Infusible. Insoluble in hydro-
E chloric acid ; soluble in aqua-iInsoluble in nitric acid. PLATINUM.
regia.
' Soluble in nitric acid. Palladium.
Attracted by the magnet. Infusible. Soluble in hydrochloric acid. IRON,
“{&" Compare the umlleable
minerals, Iessite, Div. 3, p. 66 ;
and Argentite, Div. 5, p. 67. .
Fluid. MERCURY.
B. B. volatile without fusion. |Gives in the closed tube a metallic sublimate. ARSENTC.
Very fusible, gradually volatilizes; gives no, .
With soda on coal give a glo- coppfer reaction. anre!foymte.
s bule of lead. Soluble in ni-{Decrepitates strongly. Sartorite.
é’ g tric acid, with separation of
k| s sulphate of lead. Jordanite.
3
[
> ® T the nitric solution, b ic acid gi
ydrochloric acid gives
:? ,§ __a heavy p{ecipibat; of AgClL PoLYBASITE.
Fused B.B., and then moistened|With S and KI, gives on coal a red subli- Rionite.
o % with hydrochloric acid color| mate (bismuth). .
§ T g | the flame blue (chloride of
s § 3 copper). A nitric solution isEagily cleavable; the others are not. ENARGITE.
| & rendered blue by ammonia.
“ Bk B In the nitric solution, ammonia gi
. 7 ) gives ared- oo
g A S dish-brown precipitate (iron). Te tite.
& .g Same reaction for iron. Epiggnite.
i % Gives no precipitate with ammonia. Binnite.
E Gives no sulphur reaction. DOMEYKITE.
§ ¢~ Compare Tetrahedrite,|Same. Algodonite.
A |p. 67. Same. WHITNEYITE.
< o - :
The concentrated solution is rendered tur- :
bid by addition of water (bismuth), Alloclasite.
QGive to the borax bead a sap-| N .. SMALTITE (co-
phire-blue color. tives metallic arsenic in closed tube. b{xlt-speig:c)’.
As above. Skutterudite.

¢ The color of metallic minerals must be observed on a fresh fracture, as man



METALLIC LUSTRE. 64
Composition. Color.* Streak. Gravegoor | Hard- | gp. or. runmuty.: Crystalli-
Au’Bi Pinkish-white. Cubical, 1.5—2 (8.2—9.7 |Easily. L (?)
Ag. White. White. 2.5 10.6 :2.—-2.5 I
An. Yellow. Yellow. 25 193 iz.s—s L
) Pale yellow to !
Au+Ag. white, 25 [126—155 :2.5_3 L
Cu Copper-red.  Copper-red. 3. 8.9 |8. L
Pb Lead-gray.  |Lead-gray. 1.5 114 'l. L
Pt(Ir,Rh,Pd, Fe). Steel-gray.  |Light-gray. 4.—4.5 16—19 Infus. |L
Pa. [Steel-gray.  |Steel-gray. 4.5—5. |111.5 Infus. L
Fe(Ni, etc.). Iron-gray. Octahedral. (4.5 7.5 I
Hg. White. 35 L.
As, Tin-white. Tin-white. Granular. (3.5 6. Vol. I11.
2PbS 4+ AsS?. Lead-gray. |Brown. Basal. 3. 5.5 (Easily, .
PbS + AsS?®, Lead-gray.  Brown. Basal, 3. 5.3 'Easily. |IV.
Pb,As,S. Lead-gray. lBlack. Prismatic. Easily. |IV.
O(Ag,€u)8 + (Sb,As)S". Tron-black.  |Iron-black. |Uneven. 2.8 6.25 Easily. (IV.
Cu, Bi,As, b, S. Iron-black. |Iron-black. {
3€CuS + AsS*. Iron-black.  |Grayish-black. |Prismatic. [8. 4.4 IIV.
I

4(€u,Fe)S 4 AsS?, Iron-black. Gray. 3.5—4 |4.5 1.5 i1
C l;_: F‘.e,_AnTS. Steel-gray. ijﬁﬂgk. Granular. 3.5 | Easily. I_V
3€u8 + AsS?, Steel-gray,  Cherry-red. Brittle. 4.5 4.4 Easily. L
Cu’As. Tin-white, ‘Blackish. |Brittle. 3.5 7.5 Easily. Massive.
Cu"As. !Sbeel-g‘ray. Bronze. Tough. 4. 7.6 Easily.  Massive,
Cu'™As, | Bronze. Bronze. Hackly. 135 83 Easily. Massive.

| \
2C08'+ CoAs+4BiAs. Steel-gray. ,Black. Rhombic. |4-5 le. 6 Easily. IV,

I |

{ Cofe,Ni)As. Tin-white. !Gray-black. Octahedral g5.5 ’6.4—7.2 Easily., |I.
Co’As’. Gray-white. Cubic. |'6. l6.7 lEa.sily. L

of them change and become tarnished and dull on exposure to air and light.






MINERALS WITII METALLIC LUSTRE.

A. Fusible from 1—5, or easily volatile.

Drvistox 1 (continued).

Divisiox 2.



L MINERALS

A. Fusible from 1—6, or easily volatile.

e — e —— e

Division 1.

B. B. on charcoal give tAe gariic odor of arsenée.

Bpecific Characters. Bpeciea.

As above.

Gives metallic arsenic in the closed tube.'

The dilute solution gives precipitate with Glancodot.
chloride of barium of BaO SO,. !

Glaucopyrit

Give to the borax bead a sap-
phire-blue color.

'Gives no arsenic in closed tube. Dilute s0o- COBALTITE

lution gives a precipitate with chloride of (cobalt-

barium of BaO SO,. glanoce\.
3 Compare Bismuth, frequently associated
with cobalt ores, Div. 6, page 69. |
NiccoLiTe
Of a copper-red color. i (copper-
nickel\.

Gives in the closed tube a sublimate of me- Rammelsb.r,

When dissolved in aqua-regiai;, yhe gilute nitric solution chloride of ba-,

form an apple-green solution:

l tallic arsenic. ite.
Gersdorflite
| rium gives a heavy precipitate. i g;:‘;ﬁli

with ammonia in excess the;

bloe.

Gives antimony fumes, and a sulphur reac-

%~ Compare [ Umannite, Div. 4, p. 67. .

solution becomes sapphire- Gives a red-brown precipitate with excess of Chathamite

{var. Smaltit
Corynite.
Wolfachite.

ammonia (iron).

__tion with soda on coal.
As above.

In the cloeed tube give metallic
arsenic, and then fuse, and!
after long heating become
magnetic.

iGives sulphur reaction in open tube, soluble

in nitric acid, with separation of sulphur; Arsenopyrit:
in solution ammeoniagives a reddish-browr| (Mispickel).
precipitate (iron).

Gives only a slight sulphur reaction. In g oo

closed tube, after arsenic is driven off,

fuses with great difficulty. (Leucopyrite:

t3&" Comp. Bismuth, Div. 6. p.
69: Antimony, Div. 4, p. 66;
Pyrargyrits, Div. 1, p. 72;
Geocronite, Div. 4, p. 66 ; a.li
sometimes containing arsenic.

DIvIsION R

B. B. on chAarcoal, or Aeated in an open glasa-tube, give the strong

Aorse-radisA odor of selenium,

With soda in a matrass give
metallic mercury.

B. B. volatile without fusion; with soda: :
upon charcoal yields metallic lead. |Lehrb.chm.

B. B. fuses and then volatilizes, Gives no
lead.

Tiemannite

Gives a reaction for sulphur, in open tube or Guadalcazr-
on charcoal | ite.

Mostly volatile without fusion,,
coats the coal at first with a
metallic gray, then white,
then greenish-yellow subli-
mate.

B. B. with soda yields with difficulty leadl
globules, the nitric solution gives a pre-|Claunsthalite.
cipitate with sulphuric acid.

Give with borax a pure silver
globule.

B. B. fuses easily: inO. F., quietly; nR.F.,'\. .
with intumescence. ’ ‘ll\umnmute.

B. B. on charcoal fuse to glob-
ules, which after moistening
with HCl color the flame
azure-blue.

Solution in nitric acid gives a heavy precip-| ‘s
itate with hydrochloric acid (AgCl). [Euosirits,

Nitric rolution gives a precipitate with 'ul'IZorg'ito.

' phuric acid (Pb0,S0;).

The nitric solution is not precipitated by -
either sulphuric or hydrochloric acid. IBenalumte.

Contains 18 per cent. of thallium; colors! .
the flame strongly green. ’ ‘Crookema.




ITH METALLIC LUSTRE.

Composition. Color. Streak, Coavageor | Hard | 5o Gr. | Fusivility, C7ppm,
(Co,Fe)S? + (Co,Fe,)As. Gray-white. |Black. Rhombic.  |5. 6. Easily. 'IV.
1
Fe,Co,Cu,Sb,As,S.  |Gray-white, |Gray-black, 45  (1.18 Easily. lIV.
e |
CoS* + CoAs. Red-white.  |Gray-black. Caubic. 5.5 6. Easily. I.
Ni’As, Copper-red. |Brown-black. (Uneven. 5.—5.5 7.4 Easily. 'IIL
NiAs,. Tin-white. Gray-black. 5.6 7. Easily. IV.
1
NiS, + NiAs,. Gray-white., |Gray-black. 5.6 5.6—6.9 |Easily. II.
Ni,Co,Fe. As. Gray-white. [Gray-black. |Granular, R 2
t
NiS*+ Ni(As,Sb). Gray-white. |Black. Uneven. 4.6—b5. (6. Easily. I
NiS?+ Ni(As,8b). Silver-white. 'Black. 55 637 Easily. IV
{
FeS; + FeAs, Silver-white. [Gray-black. |Uneven. 5.6 6.2 2. Iv.
i
|
Fe,As. Silver-white, |Gray-black. I5.5 6.8—8.7 |Diff. IV.
| |
Pb,Hg,Be. Lead-gray.  (Black. Granular, 2. 7.8 Vol. Mcesive.
i - I -
lig,Se. ILend-gmy. Black. IGrannhr. ’2.5 7.2 ' Easily. ansive.
§HyS + ZnS. 'Iron-black. |Black. Compact. 2. 715 |Easily. Massive.
| !
PbSe. Lead-gray. |Gray-black. Cubic. 2.5 7.—8. I.
l a
Ag.Pb,Se. [Lron-black. _ |Black. (Cubie. 25 8. |Easily. 1.
(€u,Ag,)Se. [Lead-gray.  Shining.  Granular, | Easily. Mnssive,
| I
iPb,€n,)Se. Lead-gray. Dark-gray.  Granular. |2.5 75 IEasin Massive.
€u,Se. ISilver-whiw. Shining. iSott. | Massive.
(€u,T1,Ag,)Se. {Lead-gmy. 25 oo }Euny. Masivo







MINERALS WITH METALLIC LUSTRE.

A. Fusible from 15, or easily volatile.

Diviston 3.

Divisiox 4 (in part)



I. MINERALS WITII

A.—Fusible from 15, or easily volatile.
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General Characters. 8pecific Characters, Species.
Wholly volatile ; fuses easily;/Burns with a greenish flame. Soluble in .
fumes strongl,y. "I nitric acid. Tellurium.
... . |The solution gives a heavy precip. with sul- -
Wholly soluble in nitric acid. | 1 yric acid.Soft but not malleable, [ Altaite:
' B. B. with soda gives globule of silver; mal- .
leable. Hessite.
S Solution gives, with hydrochloric acid, a| Miillerite
Soluble :ixomt;w ?gld with the precip. of AgCl, and with sulphuric acid,!(sylvanite cor
separation of gold. of Pb0,S0". taining lead)
On charcoal, with sulphur and - o
iodide of ’potussium, gives a/Fuses easily to a brittle silver-white globule. TEJII;I:’:DY-
red sublimate (bismuth). :

Givesaftera little blowing the selenium odor. J oseite,

p. 88.

After long heating gives a malle- - o - . . Sylvamte
£ able metallic globule. Incom- SO};}’;& d?ofugitll:e:em’ with separation Ofi(graphic tellt
Z| pletely soluble in nitric acid. . _rium).
Sg :! o Same reactionus (contains more silver). Petzite.
£ Heated with strong sulphuric .
=N ot A . P . Nagyagite
¢ s acid gives a hyacinth-red or/Soluble in aqua-regia; in the solution 80, (foliated
33| brownish - yellow solution;| gives a precipitate (lead). tello 1
o< 2! nota pure red like preceding. urium).
33 g (%™~ Compare Aikinite, Div. 5,

DivisioN 4.

B. B. on churcoal, or in the open glass-tube, give dense antimony
Jumes,

volatile in a continued blast.

B. B. are nearly or completely

Tin-white. B. B. takes fire and continues to!
burn without further heating, and becomes ANTIMONY,
covered with white needles of oxide of
antimony.

When pulverized and treated with causticig, i .
potassa is rapidly colored ochre-yellow, and 'gt::n?tfa::fr‘
for the most part dissolved. Y-8

Gives in nitric acid a partial solution of a sky-
blue color; this, with sulphuricacid, yields
a white precipitate of sulphate of lead, and
is rendered violet-blue on addition of an

~_excess of NH,O0.

Same reaction, but the aqua-regia solution is
‘not precipitated by sulphuric acid.

Oxidized by nitric acid to a white powder,

BOURNONITE

IStylot.ypite.

imparting no color to the acid. I‘I_.mmn'h‘:'
Same as Jamesonite, not cleavable. fZinkenite.
As above. :Boglaqgel_:it;::
As above (sometimes contains arsenic). :GEOCRONI'I'I
As above. Plagionite.
As above. Me_n(_ag}in_iﬁti

Fused with sulphur and iodide of potassiumn
gives a bismuth reaction.

=27~ Compare Gulenite, Div. 5, p. 01.

Kobellite.




METALLIC LUSTRE.

(=3
(=)

Composition. Color. Streak, | Clgavegonnd | Hard- | gy Gr. | Fusbility. lc'”'“"'*
_— I ! l
Te. Tin-white. Tin-white. Hexagonal, 2.--2.5 0.2 1. |I
|
Pb,Te. Tin-white.  ,Tin-white.  [Cubic. 3.—3.5 8.1 1. L.
AgTe. Lead-gray. Gray. Sectile. 2.5—3. 8.5 1. 'IV
(Ag,Au,Pb)Te’, Brass-yellow, 2 8 Easily. iV‘
| I
BiTe’, or Bi(Te.S,Se)* Steel-gray. Basal, 1.5-2. 7.5 Easily. TIL
| -
Bi.Te.8.Se. " 'Black-gray. Basal. IL6—2717.9 Easily. TIL
(Ag,Au)Te’. ISt.eel-grmy. Steel-gray.  |Prismatic. [1.5—2. | . ‘Easily. ‘IV.
AuTe+3AgTe. ~ |Iron-black. 'Iron-black. 25 0  Busily. VD
! | |
P’b,Au, Te,S. Black-gray. |Gray. Basal-fol. 1.—1.5 |7. Easily 'II.
Sb. Tin-white. Tin-white. Perfect. 35 6.2 '1. IIL
SbS,. Lead to steel- Lead-gray. |Prismatic. 2 1.5 1 A
gray. |
3(¢'u,Pb)S + SbS,. Steel-gray.  |Iron-black. 2.5—3. 5.8 1 1V.
3(¢'a,Fe, Ag)8 + SbS,. |Iron-black. Iron-black. 3. 4.7 |1 IV,
2PLS + ShS,. ‘Lead-gray. Basal. ’2 —3 58 1 jl\’.
PbS + SbS,. |Lead-gray. 13.—8.5 5.3 I1 [TV
APLS 4808, Leadgray. | i 253, 59 1 v
3PbS + (Sb,As)S%, Lead-gray. Granular. |2.— 65 1. V.
Pb8,8b.”  ~ " '‘Leadgray. | | 77 25 %4 1. v
1PHS, SDS,. ‘Lead-gray. | 25 83 v T
3PLS + (Bi,Sb)S*, Lead-gray. |Soft. l6.3 1 Fibrous.







MINERALS WITHI METALLIC LUSTRE.

A. Fusible from 1—5, or easily volatile.

D1visioN 4 (continued).

Divisiox 5 (in part),



I. MINERALS WITH

A. Fusible from 1—B5, or easily volatile.

DIvISION 5.
B. B. with soda give @ su'phur reaction, or pla-ed {: the open

Di1visioN 4.—(Continued.)

B. B. on charcoal, or in the open glass-tube, give dense antimony fumes,

' polution hydrochloric acid
gives a heavy precipitate of
chloride of silver.

o Wwhich redde us @
in the end, butdo

knife like lead. In the nitric!

General Charucters, 8pecific Characters, Bpecies.
“Dyscrasite
Gives no sulphur reaction. (antimonial

silver).

B. B. give with a mixture of|Gives sulphur reaction. The partial nitric] FREIBERGITE
borax and soda a malleablel solution yields with excess of amnmoniajisilver tetrahe
silver-bead, and the nitric| a violet-blue color (copper). drite).
solution yields with hydro-
chloric acid a precipitate of|
chloride of silver. Gives sulphur reaction, but no blue withig,wom vrre

ammonia.
As above. Miargyrite.
As above ; the nitric solution gives & precip- T
itate of sulphate of lead with SO,. Brogniardite.
Same. Freieslebenite
(&~ Compare Pyrargyrite. Div. 1. p. 72.
Heated in a gluss tube withipye nivric solution is rendered blue b
. h y ex-lq
soda gives a sublimate of| cess of ammonia, SPANIOLITE.
mercury. o n
The nitric solution gives no precipitate with

Give with soda on charcoal a’o ?120;’;’:‘;:?““::% ::;:z usually gives reac-Tetrahedrite.
after long heating a globule kb Chal T
of copper. Very closely resembling the above in blow- (:ni?:‘onm

pige reactions is the rare copper;).
Gives no sulphur reaction in open tube ; dif-

ficultly fusible ; but little acted on by hy-p . :

drochloric acui completely dissolved by]')'relt'lmup tite,

Give after long heating on| _8qua-regia. o
charcoal a magnetic glob-|Easily dissolved in hydrochloric acid, with
ule. disengagement of sulphuretted hydrogc_:x_l. BERTHIERITE

Easily fusible; hydrochloric acid has little
effect ; aqua-regia dissolves it with sepa-py) :
ration of sulphur. annite.

| S

The nitric solution is colored blue by excessfalpaite (var.

Mallenlle, can be cut with a| of ammonia; moistened with HCl colorsj of Argent-

the flame blue. ite).

Does not give the above reactions; with

ARGENTITE
(ﬂilver-g’lxmm‘.

soda glv_egn globule of silver.
Differs only in crystalline form from argen:

"The roasted minerals give with
borax a violet bead in O. F.
(man":\nese).

St,reuk red; mlxed with soda in
a closed tube gives metallic
mercury.

B. B. with soda on coal gives
i alead-globule and covers the
coal with a yellow coat (oxide' _
of lead).
/

tite. i Acanthite. .
The powder is leek-green. Alabandite.
The powder is brownish-red. Hauerite.
Many varieties have a gray to black color,

but the streak is red. 3™ The rare

Metacinnabarite is amorphous HgS; has Cinnabar.

a black streak, H=3; G="7.72.

Easily soluble in nitric acid, with separa- Ja'enite (ga-
tion of S. and PbOSO,. The nitric solu-  lena).

tion gives no blue with ammonia.

(&~ Cuproplumbite and Huascolitc are re-
spectively cupriferous and zinciferous

varieties of galena.




METALLIC LUSTRE. 67
i 1
| Composition, Color. Btreak, | Clogvage and| Hard | o o/ | Fusibility. lc"y,'}:,:""
i
Ag’Sh, Silver-white, [Silver-white. |Basal. 3.5—4. 9.6 1.5 lv.
Cu,Ag,SbS. Steel-gray.  |Gray. 3.5 4.8 L
5AgS + 8bS?, Iron-black. Black, 2.5 6.26 1. 1v.
AxS TSbSy, Tron-black.  |Cberry-red, 35 159 i ¥
———— | — "~ — - - i
2(Pb,Ag)S + 8b,8,. IBlack~grny. 3. 5.9 Easily. (L
5(Pb, 'g)8 +28bS,. — Steel-gray. _ |Gray. Prismatic. [2.—2.5 [6.—6.4 |Easily. |V.
Cu,Hg,Sb,S. !Iron-black. Red-brown. 3.5 5.1 1.5 L
4(€u8) + 8bS,. Lead-gray.  |Dark-gray. 3.5 4.5—5.1 (1.5 L
€us + Sb8,. Lead-gray. [Black. Prismatic. |3.5 4.8 1. IV,
Ni,Sb. Copper-red. |Red-brown. 5.5 7.6 3. III.
FeS + SbS,. Steel-gray. 2.3 |42 1.5 Iv.?
NfS, + NiSb. Steel-gray. 5.5 6.3 3. L.
|Ag,€n,)8. Gray-black. |Gray-black. (Malleable. 2.5 6.8 Easily. L
AgS. Gray-black.  Gray-black. Malleable. 2.5 79 1.5 |I.
_ —_—— e e |—_— - —
AgS. Gray-black. ‘Gmy-black. Malleable. 2.5 7.2 1.5 }IV.
MnS,. Tron-black.  Green. Cubic. 345 4. 3. 1.
Mns*, Brown-black. |Brown-red. 4. 3.46 3. ‘L
HgS. Red. Red. Perfect. 2.5 8.9 Vol. 'III
PbS, Lead-gray. Gray. Cubic. 2.5 7.5 1. 'I.







MINERALS WITII METALLIC LUSTRE.

A. Fusible from 1—5, or easily volatile.

Divisiox 8§ (continued).



L MINERALS WITHO

A.—Fusible from 1—5, or easily volatile,

DivisioN §.—( Continued.)

or placed in the open glass-tube give off sulphurous acid, which reddens a strip of moistened
he reactions of the preceding divisions,

dlue litmux paper placed in the end, but do not yive &

B. B. with soda give a sulphur reaction,

Fuse to brittle steel-

Give none of the above
reactions.

Give with nitric acid a blue or green solution, which upon addition of

Moistened with HCI give to the flame the blue color of chloride of copper.
ammonia in excess becomes violet or sky-blue.

General Characters. Bpecific Characters. l Species.
Wittichemte
With sulphur and io-/Gives with soda on coal a globule of copper.| (cupreous-
dide of potassium bismuth).
on coal give a red In the nitric solution sulphuric acid gives a! Aikini
ggﬁmﬁ)@: of ﬂllle io-| precipitate of PbOSO,. | te,
ide of bismuth.  |Giveq with soda on coal a strongly magnetic’
The_saturated nitric| globule containing nickel. Gnmamte
solution is rendered - -
turbid by addition | Same as Aikinite. g"_‘ mtrgt,e.
of water, Same as Wittichenite. Emplectite.
Chalcopyrite
Brass-yellow color. (copper py:
Tites).
Brass- ydlow color cleavage cubic. ‘Cubanite.

Brass-yellow color; the fresh fracture tar-
nishes to a goldul yellow in 24 hours. ,Bn.mhardme

Elmy magnetic glob- Color co, coppcr -red to yellow and mt,ermedmte Bornite (vari-
es,

shades ; is calied variegated copper; in the
nitric solution sulphuric acid gives no pre-; eg?:,ed copr
_ cipitate. ) e per).
Resembles hornite, but in the nitric solution:
sulphuric acid gives a precipitate of sul-
_phate of lead i
The nitric solution gives with HCI a heavy Nt
_ precipitate of AgCL romeyerite.
B.B.in O. F. alone on coal yields & globule Chalcocite
of copper. Soluble in nitric acid with  (copper
separation of sulphur. ' glance).
Gives by itself no metallic malleable globule,: .
Soluble in nitric acid, with separation of STAN_““‘
__ sulphur and binoxide of tin. (tin pyrites).

5™ bonnpare e 1etrahedrite, Div. 4, p. 61.

Castillite.

blue. B. B. fuse to magne-
tic beads.

The partial nitric solution is not The roasted mineral gives to the borax bead

B. B. pn.rbmlly reduced to silver ; the partial:
nitric solution gives a heavy preclp.mw of Sternbergite.
chloride of silver with HCI. |
The roasted mineral gives to the borax bead.
a sapphire-blue color. Soluble in nitric LINNARITR.
acid, forming a rose-red solution.
Gives like reactions, but a.lso, when moisten- I
ed with hydrochloric acid, imparts a blue'Carrollite.
color to the flame. |

the violet color while hot, reddish-brown’ M',IEILER'TE
when cold, of nickel ; gives no sulphur in (P! ?ry py
the closed tube. | rites).

Asabove, but gives sulphur in the closed tube.. Bcvnchxlv

Magnetic before fusion; color pmchbeck f——
brown. Reacts for mckel

Give only the reaction for iron. Magnetlc’ Pyrrhoma
before fusion, gives but little salphur in the (magnetic py-
closed tube. rites).
Gives only the reactions of iron ; not magne-

tic before fusion. Gives sulphur 'in the Pyrite (iron
closed tube. pyrites).

Same as for pyrite ; can be distinguished only' Marcasite

(white iron py-
by crystalline form. rites).

IPeutlandlux




white.

METALLIC LUSTRE. 68
I 3li
Composition. Color. l Btreak. | Cleavagoor | Hard- | g, gy, | Fosibtlity, “pom.
3€u8 + BiS®, lSteel-gmy. iBlmck. ‘ 85 4065 |Essily. [IV.
! !
BCuPbS+BiS.  'Leadgray. | | 2.—2.5 6.7 1. v
Bi,Ni,Cu,Fe,S. Steclgray.  Dark-gray. lOctahedral. [4.5 (5.1 Basily. L
2(¢u,Pb)S+3Bi8._ Lead-gray. ! | 6,92 |1 ‘Maxsive.
Cus + Bis?, 'l'm white. | l Easily. [!l’
I
'u$ + FeS + FeS*. IBrasa yellow. Green black. |Uneven I3.5 4.3 2. I
¢ u\ + F c%+ SFeSh Bronzc_ -yellow. Red bronze. '(,uluc 4. l— 1 Easily, L
2¢us + FeS + Fes?, IBronze-yellow. Gray-black. i3.5 34. 5 |Easlly |Massne
Copper-red, | ! |
(Cu,Fe)S. | yellow,  Black. 8. 5. Easily. I
purple. l | l
| | [
C'u,Pb,Fe,Ag,Zn,S.  Copper-red. iBlmck. Foliated. 3. 5.2 Easily. Massive
_ o . | - -
(€u,Ag)S. ISteel-gray. 'Grny. i2 .5—3. lﬂ .8 Easily. :IV-
—_— | Q—
: !
CuS. :Sbeel-gray. |Gray. Conchoidal. |2 .5—38. 6.7 Easily. !IV.
! |
|
¢u,Fe,Sn,Zn,S, lswex gray. 'Black. l4. 4.4 Easily. |Massive.
i
— — | '
Ag.FeS. | Pinchbeck- |y g Basal  (1.—15 4.2 Easily. 1V
g.re.s ' brown, | - ' v AV
2{Co,Ni)5 + CoS2 "Steel gray. Black-gray. ;5.5 I4.9 Easily. ;I.
2(¢'a,C0)S + CoS™ Tin-white. Gray. 5.5 |4_85 Easily. :I.
{
i | | ' I
Ni8, Bronze-yellow Bright. | 3.-3.5 5.6 ‘Easily. IIL
1 ' '
i | I 1
HNiS . 2Nis. T T Leadegray. 33547 Easily. IIL?
Ni,Fe,S. Bronze-yellow. ‘Brown. 3.5—4. 4.6 Easily, 'L
_ T T - - -0 , |
BFe¢S + FeS2. Bronze-yellow Blnck.grny. Basal, 4. 45 iEmnly |III.
- ’ — —— —— — , N I :
FeS™ Brass-ycllow. Brown-black. . | —6.5 |4.9 lEwsl.ly L
Fe8,. Pale-yellow to ‘(;._0.5 4.7 Easily, |IIL

‘Black-gmy.







MINERALS WITII METALLIC LUSTRE.

A. Fusible from 1—5, or easily volatile.

Drvisiox 5 (concluded).

Divisioxn 6.



I. MINERALS WITI

A.—Fusible iom 1—6, or easily volatile.

§ % General Characters. Specific Characters. Species.
§ 3 B. B. fuses in R. F. with effervescence, giv-! BisMUTHIN-
£ I
T § With sulphur and iodide of po-| ing a globule of bismuth, and a bismuth ITE (bismutl
b £ tassium give, on coal, a red| coating on coal. _Solnble in nitric acid. | glance).
2 sublimate of iodide of bis-| As above, but gives a precipitate of sulplmbe ioe .
E 3 muth, of lead with sulphuric acid. Chiviatite.
3" Compare Bismuth, below.
B. B. in a matrass yield me- . PP S
tallic mercury and leave o Easily soluble in nitric ac:d. Amalgam.
spongy mass of silver. Yields less mercury in the closed tube. |Arqnente
Fused with sulpbur and iodide:In the open glass-tube gives almost no fumes, T
of potassium, coats the coal| and the metal becomes surrounded with Bis
with ared sublimate of iodide| fused oxide, which is dark-brown when DIS¥TTIL
of bismuth. hot, and yellow when cold.
Colors the borax bead cobalt-|Heated with phosphoric acid givesa violet o - .
blue. solution (manganese). Rabdionite.
Difficultly fusible. Heated in . | Hematite
R. F. becomes magnetic. Streak, cherry-red. /(specular iron
With soda on charcoal easily @‘ Compare Cuprite and Melaconite, Div. -
reduced to metallic copper. | 3, p. 75, 5, ‘sometimes with metallic lustre.
| Magnetite
i Generally fusible above 5. (magnetic
§ Magnetio before heating. iron).
2 Gelatinize with hydrochloric acid. Some- HoRTOYOLITE.
g times magnetic from associated magnetite. p, ALITE.
s 3
x & Boiled d ith phosphoric acid gi
S § IThe fine powder, boiled with| C.co GOWR With phospnorio acid gives &
Y ! beautiful blue syrup (tungsten). The blue
g3 :q“;'ll;gi':ﬁm:my 88Sumes gyrup is changed to violet by addition of WOLFRAMITE
R N y ° nitric acid (manganese).
=
s B
5 {®~ Compare Rhodonite, Div. 5, p. 87,
3 sometimes altered to a black metallic hy-
2 |With borax in O. F. give an| drous silicate; Klipsteinite, Div. 4, p. 85;
5 | amethystine bead. and Psilomelane, Div. 1, p. 70, which in
some varieties is fusible.
Easily fusible, swells up but slightly. (See
. . Div. 5, p. 78.) ILvarre.
Gelatinize perfectly with hydro-
chloric acid.
Easily fusible, swells up strongly. (See Div. ALLANITE.
6, p. 78.)
With soda easily reduced to .
metallic lead. Plattnerite.
When fused with soda, digested with water and filtered, a green solution is
obtained, which neutralized with HCI gives a light-colored precipitate.|q kite.
If the latter is digested with strong HC], and boiled with tin, then diluted
with a like volume of water, it gives a clear sapphire-blue solution.




METALLIC LUSTRE. 69

Composition. ! Color. Streak, Cleavageor | Hard- : Bp. Gr. | Fusibility, |CTyTtalliza-

|
32, 'Lead-gray. Gray. Prismatic. 2. !6.4 1. Iv.
i )
('u,Pb)S + SBiS". iLead-gray. Gray. Foliated. :0.92 1.
- —
gHg* and AgHg’. Silver-white, ‘Gmy: 3. !13.7—14 1. I
g'Hg, Silver-white. Gray. Malleable. 0.8 L
i Reddish-white White. Basal. 2.5 !9,7 1. 111,
Metallic
n,Co,Fe,Cu,0. Black. oy Stonk. 1. 28 3. Stalact.
Scaly
. Steel gray  tolpeq, fibrous,  |5.5—6.5.5. Infus. |III.
compact.
e,Fe. Iron-black. Black. Octahedral. [5.5—6.54.9—5.2 |5, L
“o. Mg. Mn)Si. Yellow-black. |Dirty-white. _|Prismatic. 6.5 3.9 4. Iv.
e*Si. Black. Brown. Prismatic. (6.5 4.1 3. IV.
fin,Fe)W. Black. Black. Prismatic. [5.5 7.3 8. V.
‘e, Fe,Ca, Bin, §i. Black. Black. 5.5—6. [3.6—4. |25  [IV.
il.Ce,La,Di, Fe,Ca,5i. Brown-black. |Gray. 5.5—86. |3.—4.2 2.5 V.
‘b, Iron-black. |Brown. 9.3
|

b, Fe, 8, Y. Velvet-black. (Do7k red- 5.5—86. [5.6 45  [Iv.







MINERALS WITH METALLIC LUSTRE.

B. Infusible or fusible above 5, and non-volatile.

Drvistox 1,

Divisiox 2.



I. MINERALS WITH

E.—"nfusible or fusibtle above 5, and non-volaile.

DivisioN 1.
U, B. in O. F. a vrery small quantity gives to the borux-

beud the anicthyatine red ¢f mangunese.

General Charncters.

1

Specific Characters. 8)

Moistened with HCI colors the outer ﬂn.mc'c 1
beautifully blue (chloride of copper). :

Yields much water in the closed
tube. .

With hydrochloric acid evolve BRAU
chlorine. Contain little or no’'Color brownish-black. I
water. {Haust

|
Color iron-black to steel-gray. Pyrol
Prismatic cleavage very perfect. Maxe

In the hydrochloric solution sulphuric acid
generally yields a white precipitate of sul- Psir.o
phate of baryta.

;& Compare  Frankbinite,
Div. 2, below. Hauerits and
Alabandite, Div. 5, p. 67.

DIVISION 2,

ing in R, F. b

B. B. on charcoal gfter long A

Streak always cherry-red.

Decrepitates, and gives much water in the
closed tube. )

Magnetic ~without heating
(sometimes but slightly).
With salt of phosphorus in

glass, which fades on cool-
ing.

[ 2

The fine powder boiled with hy-
drochloric acid, filtered, and'
the filtrate boiled with tin-|
foil, gradually assumes a
beautiful blwe or violet color. |

Streak ochre - yellow (some-|
times has a sub-metallic
lustre).

{F~ Comp. Sideriteand Blende,
Div. 4, p. 932, sometimes with
metallic lustre; also the min-
erals of the following section,
especially Chromite.

R. F. give a bottle-green|.

Slowly soluble in hydrochloric acid.

With soda gives the manganese reaction.
and on coal in R. F. gives a faint yellow
snblimn_te (ZnO0).

Strongly magnetic, does not give above re-
actions. Difficultly fusible.

In the solution after the oxidation of the
protoxide of iron with chlorate of potash
and its precipitation with an excess of am-
monia, phosphate of soda gives a precipi-
tate of the ammonio-phosphate of magne-|/Magne

sia in the filtrate. Jacobsite gives a strong| ferr
_ manganese reaction.
1%~ Compare Menaccanite, below.
More casily decomposed by treating first with
sulphurioracid and evaporating to dryness,| Mena
_and then treating with HCI and tin-foil. | (Titar
i3y~ Rutile, Anatase and Arkansite some-
__times become magnetic after long heating.
LN
|Much water in the closed tube. (brown
tit




METALLIC LUSTRE. 70
. !
wien. Composition. Color. Streak. Carageor | Bard- | sp. or. ImL
| n
| H
erite.  |Cu*Mn? Black. Black. Basal. 4.5 |5. |V.
SITE. 2Mn*Mn+ MnSi. Brown-black. |Black. 6.—6.5.4.7 II.
LI L L)  \Dlack.__ A7
sanmite. | MorSin. Brown-black. "‘;"’i‘)‘;‘;‘;‘n Bal 55547 L
- |
usite. |n. Iron-black. |Black. 2.—5. ;4.82 v.
ANTTE, Mol Steel-gray.  |Red-brown. |Prismatic. 4. 4.3 Iv. -
uELANE! Mr, Ba,I1. Black. Brown-black. 5.—8. ;3.7—4.7 iAmorph.
|
|
te (hy- . Fibrous I
matite). |Fe'HL- Reddish-black |Red. e 15,8, '4.14
Scal |
1atite . . Y !
o) Fe. Reddish-black {Red. fibrous, 6.—6.5 4.5—5.3 [TIL
compact. ’ |
. |
linite. |.2n,Mn,Fe) (Mn,Pe). |Iron-black. [Rgddish- lo.5—6.55.1 ;1,
i
stite.  |FePe, Iron-black.  Black. IOcta.hedml. 15 5—6.54.9—5.2 ;I.
ite.  [(Mn,Mg) (¥n,Fe).  (Black. Black-brown. ’6. 4.75 L
io- - | 6.—6.5 4546 L.
. MgPe. Black. Black.
scanite (Ti, Fe),0", Black. Black. 5.—6. 4.5-5. |OL
i iron).
>nite Fibrous,
hema-|Fe’ID?, Brown. Yellow. compact, |5.—5.5 [3.6—4.
?. earthy.
]







MINERALS WITH METALLIC LUSTRE.

B. Infusible or fusible above 5, and non-volatile.

Drvision 38,



1. MINERALS WIT!

B.—Infusible or fusible above 5,and non-volatile.

Drvisrox 8,
Not included in the foregoing divisions.

General Characters.

Specific Characters. |

Impart & beautiful emerald-
green color to the beads of
borax and salt of phospho-
rus when cold.

Sometimes strongly magnetic; only sl.ighﬂy' (
attacked by hydrochloric acid. l(d:

gt Compare C(assiterite,
which with soda on coal is

reduced to metallic tin.
B. B. in forceps colors the flame light.-grecn.
on charcoal with soda gives a sulphur re-'Mi
Very soft; soil the fingers. action, and gives coating of molybdic acid. ;
Does not glve the above, but deflagrates Gr
with nitre, affording carbonate of potasea.
Give to the salt of phosphorus-
bead the violet oolor of titanic/Crystallizes in cubes. Pex
acid.

{3 Compare Rutile and Brookite, Div. 6,|
p- 95, sometimes with metallio lustre.

Fused in a matrass with nitre
evolves the peculiar odor of
oxide of oemium.

Not perceptibly attacked by borax, salt of
phosphorus, or nitro-hydrochloric acid. It

mghﬂy attacked by acids. B.
do not change color.

B. B. immediately changes its color to yel-
low or white. i

The powder fused with bi-sulphate of pot- (!
ash, then boiled with HCl, and filtered
and the liquid evaporated with addition
of tin-foil, it assumes a beautiful bluei

oolor, which rapidly fades, and gradually | |{Co!
disappears upon addition of water. _
Gives like reactions, Fez

<8 Compare Polyeraae Div. 4, p. 88;
Aschynite, Di 9&

Mostly soluble in nitric acid to
a yellow fluid, from which
ammonia throws down a sul-

phur-yellow precipitate.

With ealt of phosphom in R. F. a green
bead, becoming yellow in O. F. U
Evaporated with phosphoric acid gives an!(pit
emerald-green solution. |




METALLIC LUSTRE. 1

ciea. Composition. Oolor. Streak, Cliarageor | Hard- | gy gy, [Crygtalliza-
;‘:‘i::m) FePr. Iron-black.  |Brown. Uneven. [5.5  [4.3 L
»denite.[MoS*, Blue-gray.  |Greenish.  |Foliated. [1.—1.5 (4.6 v.?
ite. C. Iron-black. |Black. Foliated. |1.—2. |2. II1.
- Iron - black to
kite. [Cafi yellow, Gray. 5.5 4.03 L
aMINE, |Ir,0s,Rd,Ru. Tin-white.  |Gray. 6.—7. [19.3—21.1]IIL
antalite (s, ¥, 0, Fe,fa,W.  [Yollow togryin, Conchoidal, [5.5  [5.7 Iv.
lite. Fe,Mn,Ta 8n. Black. Brown-black. (Brittle. 6.—6.5 (7.—8.  |IV.
«BITE. |Fe,Mn,Cb,Ta 8n. Black. Red-black.  |Brittle.  [6. 5.4—6.5 |IV.
sonite. |Y,Fe,U,8b. Black. Pale-brown. |Conchoidal. [5.6—8. (5.8 IL
NINITE Brownish- Conchoidal
~blende).|U & Dlack. Brown-black. [V 00t 5.5 (6.4—7. L







MINERALS WITHOUT METALLIC LUSTRE.
A. Basily volatile or combustible,
B. Fusible from 1—6, and non-volatile.
L Tidd a metal or a magnetic mass with soda.

Drvision L.



II. MINERALS WITHOT]

General Characters, 8pecific Characters. Bpecles. !
B. B. -.burns with a blue flame
s *|/0f a yellow color ; when impure or mixed <
hu- ul] 3 3
:ou‘:x:t;zigd'the odor of sulphu-|™ i oqrthy substances, gray or brown. |SUIPBUF: )
Fuse readily and volatilize, and|Color aurpra-red. Realgar, 3
3 B. B. on coal with soda in R. -
ﬁ F. give off arsenical fumes. |Color lemon-ycllow. Orpiment. !
3
|Heated in a closed tube give a in thin i vage. Claudetite (ar-,
,g crystalline sublimate. B. B, Occurs in Plates with perfect clea senous acid).
with soda on coal give the : Arsenolite (ar- -
g strong garlic odor. Color white. senous acid),
8 Dissolve mostly in HCl with the evolution of )
° sulphuretted hydrogen. Heated with pot- KERMESITE. :
g Easily fu:;ble and vollt:tile, gov- ash solution the powder becomes yellow.
eri e ocoal with a white|Eaq; i i i .
'§ s\?l?lgmam (oxide of anti- E‘;‘;’ '%‘;tgfulﬁ ?,1): ;g::‘f t evolation of VALEKTINITE
Pr mony). Inscluble in water. Same reactions as Valentinite; differs only| SENARMON-
i in crystalline form. TITE.
: ense ite| Volatile without fusion, its solution gives no;SAL AMMONI
o v‘}l:gl:? v:lofzblg in ‘::hé? precipitate with chloride of barium. AC.
Treated with potash solu-[Volatile with fusion, its solution gives a
tion give an ammoniacal|l heavy precipitate with chloride of barinm{Mascagnite.
odor. (sulphate of baryta).
Streak red. Gives a reaction for sulphurous| oi
With soda in the closed glass-| acid in the open glass-tube. bar.
tube give a sublimate of me-|Streak white. In the nitric solution nitrate
tallic mercary. of silver gives a heavy precipitate of the[Calomecl.
_ chloride of silver.
Partly volatile; with soda on . .
coal gives le d globules. Depos:ta & lead-coating on charooal. Cotunnite.
&~ See also mineral coals in
the appendix.
b |5 PROTSTITE
r] B. B. on coal gives an arsenical odor. (light-red sil
; § § ver ore).
S . . ;3 |PYRARGYRITI
] B. B. on coal gives a white sublimate of oxide|
' S ryen (dark-re:
% % § treak red. of antimony. silver ore).
éls ol § Same reactions as Proustite, but easily dis-
‘ég P § c tmgmahed by its orange-yellow color and Xanthooonite
S8 <8
'5 4 -g.g gs e Comparo Miargyrite, Div. 4, page 67.
S S E In a closed tube, with bisulphate of potassa,
'T % > gives off hydrochlono acid vapors, fuses to CERARGYR-
- § R a pale hyacinth-red globule, becomes yel-| ITE.
a gs| § low when cold.
£ § H In closed tube, with bisulphate of potassa,
Malleable and sectile. gives off iodine vapors, fuses to a veryTodyrite.
8 s 3 dark, almost black globule,
S |« In a closed tube, with bisal Bromyrite.
> N y phate of potassa, 3
q ® gives off bromi;le lval::l)rs. to an in- Bro te.
59 tense garnet-red globule, becoming yellow g, + ...
i when cold. ! ‘Embohto.

#* In minerals without metallic lustre there is frequently a wide range of color in a single species (for mmplq, in Tourmali
characters in determining species, in generally

oonnection with other

non-metallic mineral

The #reak in this group

than



JT METALLIC LUSTRE.* 2
Composition. Color. %m: Lustre. 1:::- 8p. Gr. | Pusibility, Crostalliza-
8. Solphur - ’°"|Conchoidn1. Resinous.  |1.5-2.5'2. Easily. |IV.
AsS, Aurora-red. |Conchoidal. |Resinous. 1.5—2. |3.0 Easily. |V.
AsS, Lemon-yellow Foliated. |Pearly. 1.6—2. [3.48 Easily. |IV.
Xa, White. Prismatic. |Pearly. 2.5 3.8 V.
;Ks. - White. Silky. 1.5 (360 (VoL L
|
3b +28b8,. Cherry-red. |Basal. Adamantine. |1.5 |45 L v.
Sb. White. Prismatic. |Adamantine. [2.5—3. [5.56 I. Iv.
Sb. White. Octahedral. |[Adamantine. [2.—2.5 [5.23 L.
NH,CL White, yellow. Vitreous. 1.5—2. [1.53 Vol L
NH,08+H. W‘;‘.fu";)w_m’ ' Vitreous. (3. |17 Vol IV.
HgsS. Red. Hexagonal, |[Adamantine. |3.—2.5 |9. Vol IIL
Hg,OL Gray-white. Adamantine. [1.5 6.5 Vol. 1L
PbCL Yellow-white. Adamantine. [2. 5.2 Easily. |IV.
8AgS + AsS,, Cochineal-red. |Conchoidal. [Adamantine. |2.5 5.5 1. 1.
3AgS + SbS,. Dark -red 10Conchoidal. |Adamantine. (2.5 (5.8 1 1L
Pomegranate- .
Ag,As, 8. yellow. Adamantine, [2. 5.1 II1.
Resinous ada-
AgCL Pearl-gray. mantine, 1.—1555 I I
AgL Lemon-yellow.|Basal. Adamantine. (1.5 5.7 L III.
AgBr. Grz;:i‘h" ol- Adamantine. (2.—3. 5.8—6. L L
Green to dark- R 5
Ag(Cl,Br), | yellow. Adamantine, [1.—1.5 [5.83—5.8 ]I. L
ind many other

ocolor of mincral, and in a large majority of noa-

it varies from coloriess to black); this property, therefore, can generally be used only as confirmatory in
metallic minerals it is very nearly white.






MINERALS WITIIOUT METALLIC LUSTRE.

B. Fusible from 1—8, and non-volatile.

L Yield a metal or a maanetic mass with soda.

Dmnoy 2 (in part).



II. MINERALS WI1

B.—Fusible from 1—85, and not volatile, or only partially volatile.

L B. B. with soda on charcoal give a metallic globule or & magnetic mass.

Drvisiox 2.

B. B. witk soda on charcoal give a glodule of lead.

leaving a lemon-yellow resi-
due. The acid is not oolored.

blue on cooling.

General Characters. Bpecific Characters, Bpecies.
Fused in a salt of phosphorus bead which
B. B. on charcoal give coatings hala been saturated with oxide of copper, Nadorite.
of lead and antimony. oolors the flame blue (chloride of copper).
@ives water in the closed tube. BINDHEDATI
Fused in forceps in R.F. orystallizes on cool-
. ing. (Like Pyromorphite.) MIeETiTE,
Bg.l 33 charcoal give arsen-/y variety of Mimetite containing phosphate
1 Or8. of lime; gives the reaction for phosphoric|Hedyphane.
acid.
e . . [Not easily reduced to lead on coal, but fuses
Tﬁ:i&o lguﬁlyt:dib:o f)'}h:;mggﬁ to a globule, which, on cooling, becomes Pyromorph-
a yellow precipitate (phos- plainly crystalline ; gives the chlorine reac- ite.
phomolybdate of ammonia). z:::p:;lth salt of phosphorus and oxide of|
Imparts to the borax bead an emerald-green .
color, which in O.F. becomes light olive- Dm:ne
green, then yellow, and finally colorless, .
Tmparts to the borax bead an emerald-green|CROCOITE
color, which is constant in both flames.| (chromateo
Color red. Streak orange. lead).
Asabove. Streak briok-red. Pheenico-
Gives with borax a yellow glass, which be-|ys:
counes colorless on cooling. Minium.
With soda gives the reaction for sulphur.
Color azure-blue. Heated with nitric acid sulphate of lead|Linarite.
separates. QGives water in closed tube.
The solution gives with nitrate of silver a .
precipitate of AgCL Phosgenite.
The partial solution gives with nitrate of| :
baryta a precipitate of Ba0SO,. Lanarkite.
Dissolve mn nitric acid with Gerussite
effervescence. Not affected by the above reagents, (white lead)
The same as lanarkite, but is orthorhombic e
in crystallization. ’ Leadhillite,
The same as lanarkite, but is hexagonal'
(thombohedral). Susannite.
Soluble in nitric acid without|Prismatic cleavage very perfect. Mendipite.
effervescence. N
The solutions give heavy preci-|c tabular, clea imperfect. Matlockite.
pitates with nitrate of silver.| » cleavage imporf
Diffioultly soluble in nitric acid. ™ b ¥ith foda oclly reduced with the for-| s nglesite.
Dissolves in bydrochloric acid|goyieq on platinum-foil with a dro
A ? - p or two
with separation of FCI to 8™ of strong sulphuric acid until copious Wulfenite
greenish solution, v.;lnc. ’ ted| fumes escape, and allowed to cool, then| (Molybdate
lnted with water and agita breathed upon, acquires an ultramarine-| of lead.)
with tin-foil, assumes a blue blue color. ’
oolor. i
Decomposed by sulphuric acid,|With salt of phosphorus gives in O.F. a
i 4 : colorless glass, which in R.F. becomes Stolzite.




fOUT METALLIC LUSTRE 73
|
Compemcicn. Cae. l Cramageor Lustre. Bard- | 8p.or. |Pusibuiey.| CToal
]
|
8b,Pb,0.CL Brw‘-yeno" /Resinous 3. 7.02 Iv.
1
PbSbO-b - 4H. Brown-yellow. Brittle. Resinous. 4. 4.7 Amorph.
$Pb*Ls - PuCL Yelow-brown, Resinous. 3.5 7.1 L 111
(Pb,Cap’( XaP) + PLCL White. Adamantine. {3.5—4. [5.45 1. III.
$PY'P + PoCL ""'i‘* browD, (g iitle.  [Resinous,  3.5—4. 65—7.1 |15 1L
(PbZn)VO". Red. Greasy. 3.—. 5.7 Easily. |Maasive.
PbCr. 'Hyacinth-red. |Prismatic. |Vitreous.  |2.5—8. 6. 15 |V
1
Po*Cr. lﬂyu:inth-red. Perfect. Resinous. 3.—8.5 5.7 Iv.
Pb'O", Red. Dull. 2.—8. 1.
PbS + Cufl Azure-blue. |Prismatic. |Vitreous. lz.u 5.4 Easily. |V.
PbC + PbCl. White. 3 cleavages. Adamantine, 3. 6.2 Easily. [II,
~ Greenish- | ! T
PbS + PBL. white toyel- 028, PeT- Adamantine. 2.5  (0.8—7. [Eaaily. |V.
low -gray. (Ov. l | ]
; 3 - i Vitreousto ., . | 2
Pb(. Whice. Conchoidal. adamantine. 3.8 0:4_ o l:uﬂy. Iv.
= N White, yellow |p. . . Pearly to I Y
PbS_-_t—3PbL. gy, Prismatic. "~ & © ,2ii _ 6.8 !.5 IV.__
PbS + 3PbC. w‘;?; yeloW-\Bosal.  Rominous. 2.5 (6.8 15 |
PUCT> 2Pb Colorless white Prismatic. _ Pearly. 25~ W1 |Famly. [TV
Prism ‘ SR —7.1__ |Fnsily. (IV.
Green to yel-|Basal, im-
PbCl + Pb. | Jow-white. | pertect.  Pestiy. 3 7.2 Easily. |[IL
PbS White. Conchoidal. Adamantine. 3. 6.1—6.8 ' |1.5 v,
White-red, |
Poila generally  [2ctahedral. ‘Resinous 3. 6.9 1.5 I1,
yellow, I
Brown, yellow ! .
Puiv, to red. ‘Bumous. 8. 7.9 2, 11,







MINERALS WITHOUT METALLIC LUSTRE.

B. Fusible from 1—5, and non-volatile.

L Yidd a metal or a magnetic mass with soda,

Drvisiox 3 (conciuded).

Division 3 (In part).



IL. MINERALS WITHO!

DIVISION 2.—(Consinued.)

B. B. with soda on cAarcoal give a glodule of lead.

Specific Characters,

Speciea.

B.l}.withbomll?.
give an em -green
bead.

[Alcohol added to the con-
centrated hydrochloric,
solution gives an emer-
ald-green color.

The color is not changed in O. F. ; the others
become yellow or colorlees.

Vauquelinite

The nitric solution gives a precipitate or
turbidity with nitrate of silver.

Vanadinite.

Does not give the above reactions. B. B. on
charcoal with soda gives a zinc coating.

Dechenite (ve

riety Eusyr
chite).

Much like vauquelinite. The nitric solution
gives with molybdate of ammonia a yellow
precipitate (phosphoric acid).

Laxmannite
(Phospho- .
chromite).

Same as vanadinite : differs in crystalline
form.

Descloizite.

g3~ Compare Plumbo-
lgummste, Div. 1, p. 89,

Fuses to a black magnetic
slag.

Decrepitates and yields much water in the
closed tube.

Chenevixite.

L—'lThe nitric solution gives
with sulphuric acid a
precipitate of sulphate
of lead.

In the closed tube gives off water and be-
comes black.

Bayldonite.

of

of an excess of ammontia becomes violet-blue,
odor ; most of them alone on charcoal give s

DIVISION 8.
of

Iowmwmhwmehloﬂcaddgluam'uw dlue color to ths dlowpipe flame, and witA

B. Fusible from 1—8, and not volatile, or only partially volatile.
1. B. B. with soda on charcoal, give a metallic globule or a magnetic mass.

whicA on
white brittle glob

a. B. B. on charcoal evolve a strong nmnle'nl

ﬁl&'_‘ic acid give a

B. B. fused in the {;cheps
crystallize on cooling in
radiated masses, covered
with prismatic crystals.

In the matrass gives little water (4 per cent.).

OLIVENITE.

In the matrass gives more water (7 per cent.).

B. B. in matrass decrepi-
tate strongly and give
much water,

Soluble in ammonia, with separation of car-
bonate of lime mechanically mixed with
the mineral.

Tyrolite (Cop
per froth).

Soluble in ammonia without: residue.

Chalcophyl-
lite.

The fused assay has an alkaline reaction.

Conichalcite.

Does not decrepitate in ma-
trass ; assumes a smalt-
blue color when gently
heated.

Loses 22 per cent. on ignition ; soluble in am-
monia with the separation of white flocks.

Give none of the above re-
actions,

Loses 19 per ocent. on ignition.

Euchroite.

Loses only 5 per cent. on ignition.

Erinite.

Loses 13 per ocent. on ignition.

cm'm’




UT METALLIC LUSTRE. 74
Composition. Color. Cleavage or Lusre. | Hard | gp Gr. | Fasibility, C7gmnis
~ - Blackish to Adamantine ! .
. Cu’Cr* + 2PbCr. olive-green. resinons, |03 -6 Easily. |V.
! |
Pb*VO* + $PbCL B'l‘(’)""i’sgf yel- Resinous. |2.75—3.6.8 Easily, |IIL
| Yellowish-red
| (Pb,Zn)VO*. or ochre-yel- Dull. 3.5 5.6 Easily. ([Stalac.
low.
| N
;Pb,Cu,Cr,P. Pl:tli.:g-?ree:.o Vitreous. (3. 5.77 Easily. |V.
PLVO", °‘{:ﬁ;‘;§°‘"‘“’ 35 |5.8 Easily, |IV.
(Fe,0u’)As + 8.  |Dark-green. 4.5  [8.93(?) (Easily. |Massive.
(Pb,Cu)Ls + 211 Gﬁge".}:"" 45 535 Easily. |Massive,
Olive-, leek-, So s
3 metimes fi-/Adamantine
Cu(s,P) + CuH. gbl}e::-kish- iy o vitrocas |3+ 4.1—4.4 2. IV.
Ou'ds + 80urL. Dark bluish-/p,py) - Pearly t0l0.5—8 |4.19—4362. v.
‘icn-x. +30uHl + TH. Alg’r‘;"g:‘“‘?‘;; Basal. 1.—2. [3.06  |Easily. "[TV.
Gu'2s + 50ul + THL Emgﬁe':‘:'m Basal. Pearly. (2. |25 Easily. |IIL
) Pistachio to
Ou,0a,P,2s,vOr, 11 emerald- 45 412 Easily, |Massive.
green.
Cu, &L Le P 1L 8ky-blue  to Vitreous. [2—2.5 [2.9 Easily. [V.
Cu'ls + Cull + 6L Lﬁm"" Prismatic.  |Vitreous. [8.5—4 [3.39 2, Iv.
Cu'As + 20, o - Dul. (45 04 Amorph.
N Emerald  to |
Cu'ls + 20ull + 8. | verdigris-{Amorphous. 4.5 |4.16 IAmorph.
green,







MINERALS WITHOUT METALLIC LUSTRE.

B. Fusible from 1—5, and non-volatile.

1. Yidd a metal or a magnetic mass with soda,

Divisiox 3 (concluded),



II. MINERALS WITHO

B—Fusible from 1—5, and not volatile, or only partially volatile.

Y

1. B. B. with soda on charcoal give a metaliss globule or a

Division 8.—(Continued.)
Moistened with AydrocRloric acid give B. B, a deautiful diue color to the flame, and with nitric acid give a solution wAicA on addition of an excess of ammonia

copper-bead,

1aahl

1yleld a

becomes violes-blue.

Specific Characters,

Gives much water in closed tube, and forms
& gray sublimate.

Color the flame blue with-
out previous moistening
with HCL The nitrig
solution yields a pre-
cipitate of chloride of
silver with nitrate of
silver. .

Atacamite.

Nearly the same reactions.

Tallingite.

Sulphuric acid gives a precipitate of sul-
phate of lead.

Percylite.

Yields no water in the closed tube.

Nantokite.

g3~ Compare /tlasite, below.

Readily soluble in water; the others are
not.

Chalcanthite
(Blue vit-
riol).

B. B. with soda give a
sulphuret which on mois-
tening blackens silver.

Insoluble in water. The nitric solution gives
a white precipitate with nitrate of
In the open tube gives no odor of sulphur-
ous acid.

Brochantite.

Heated in O. F. burns and emits the odor of|
sulphurous acid.

Resembles Brochantite, and has 16 ger cent.
of water. Brochantite has but 12.

Easily and quietly soluble
in acids,

The concentrated HCI solution gives a white
precipitate of subchloride of copper on
addition of water.

The hydrochlorio solution gives no precipi-
tate with water (sometimes effervesces
with acids on account of impurities).

Gives much water in closed tube. Color
green.

Dissolve in nitric acid with
effervescence giving off
carbonic acid.

As above. Color blue.

Gives with soda & zinc-coating on charooal.

The nitric solution gives with nitrate of
silver a precipitate of chloride of silver.

d) B. B. emit no arsenical odor; most of them on ch.

Easily and quietly soluble
in nitric; the solutiors
give with molybdate of|
ammonia a yellow preci-
pitate of phospho-molyb-
date of ammonia.

Loses 7 per cent. of water on ignition.

Loses 14 per cent. of water on ignition.

Loses 10 per cent. of water on ignition.

The nitric solution has a|
yellowish - green oolor,
and gives, with an exocess
of ammonia, a bluish-
green precipitate, and a

The solution gives, when warmed with mo-
lybdate of ammonia, a yellow precipitate.
Perfect basal cleavage.

blue solution.

Torbernite.

The powder mixed with soda and the mass fused, then boiled with water,

the solution obtained acidified with HCl and then boiled down, the Volborthite.
fluid becomes emerald-green, and when diluted with water, sky-blue.










MINERALS WITHOUT METALLIC LUSTRE.

B. Fusible from 1—5, and non-volatile.

L Yidd a metal or a magnetic mass with soda.

Divamos 5 (in part)



II. MINERALS WITHO

B.—Fusible from 1—5, and not volatile, or only partially volatile.
1. B. B. with soda on charcoal give a metallic globule or a magnetic mass.

: " General Characters. Specific Characters, Species.
ES

< "g B. B. in matrass yiclds ERYTHRITE

E ? g mncl;-v;l:lt;r and becomes, In HCI soluble to a rose-red solution, * (cobalt-bloom|
s . . . L. . .

a Fuses with difficulty, col-|Soluble in hydrochloric acid, with evolution .
§§ ors the flame green'. of chlorine. ’ Heterogenite
133 - -

e . e Annabergite
: . _|Ammonia gives a green precipitate, which is

& |"tions have o green color| dissolved in an exoees to & sapphire-blue| (TR ;0

solution. cobalt)

s | 0

Fuse easily B. B. to mag-

§ E netic beads. The colorjAmorphous. Pitticite.
g of the pulverized miner-

S| als are quickly changed i . Pharmacoside

§‘§ to reddish-brown by a| Crystallization isometrio. rite.

1 solution of caustic pot-| . X

ﬁE ash. Crystallization orthorhombia. SCORODITE.
i g Fibrous, with silky lustre. Color brownish-yellow—9 p. c. water. Anerxin;:side-
§ 5 [Mostly soluble in water. ‘vggmexcg?m:il;tsm;;? g":s:n:i“e 8olu-| pr renocaite.

T |Gives much water (13 p.c.)|Soluble in strong HCl with evolution of
3 in the closed tube, andcol-| chlorine. Soluble in phosphoric acid to ajRabdionite.
£ . | ors the borax-bead blue. | violet fluid.
3 g (Givos antimonial fumes O\, oq water in the closed tube. Stibioferrite.
§ % Gives little or no water in the closed tube. |Pettkoite.

;| E : , MELANTER-
.:. g g Perfectly soluble in water. ITE (copperas
g E § [B. B. swell up and in the|Soluble in water, leaving & yellow residue. |Botryogen.

E § R. F. fuse perfectly to a

A g % magnetic slag. The so-  [Roemerite.

E l\;t.ions give with chloride -

of barium a heavy preci-|Same reactions as Botryogen. Their pow- VUIMBITE.

5 2 pitate of sulphate of ba-| ders are immediately turned brownish- | COQ___

§ :yt,;}:‘gs ;vxtll; re.cn:;:?&l:: red by solution of potassa. Jarosite.

s| o | which in the air changes .

,E 5 to brownish-red; all ex- Fibroferrite.
> cept Pettkoite,give much -
: 2 | water in the closed tube. (|CoPIAPITE.
g g Insoluble in water; powders yellow. { |Raimondite.
& -
3 % | |Carphosiderit
2 Characterized by ite color and octahedral

§! g crystallization. |Voltutn.

g = ‘Soluble in heated HOL mlDlﬂ%n!l:;lzgfnu:gge becomes by heating black: m
effervescence. =

& 3 Compare Mesitite, Div. 4, page 92,

L]




T METALLIC LUSTRE. (3
Composition. Oolor. Cleavage or Lusre, | Hard- | gy gr, | Pusbility [O7Al
So'%s+8IL. pornony,  [Prismatic. |Pearly. 15-25204 f3. V.

. Black—red: | i
),Co,Cu,Pe,Bi, AL Ca. bmw:d '8. D'g-“"" Amorph,
§i*Xs + SH. Apple-green. Earthy. Soft. Easily. [V.

i

o Yellow to red-
Pe,3s,5,1L dish brown. 2-8. 3225
Fels+ Fell®+1211. bg?:f;:ﬁtw. Cubic. I2. 3. Easily. |L
2 Leek-green to K 4 .
PeXs+4H. brown, 3.5—4. 3.3 (Easily. [IV.
Brownish-yel- . — ! -

*a,Fe, Xs 1. T‘";'.-_y - Silky. 1.—2. 8.8 Easily.
SIS+ 7H. A ishgroen Vitwoous. 2. [2.
“u,¥n,Fe,0o, . Black. !Soft.. 2.8 8.

|
Fe, SbOA L Yellow. Resinouns., 4. 3.63 Iv.
fe,Fe,8. Black. 2.5 Fusea,
FeS+ 7M. Green. l2. '1.8 V.
. |

. a Ochre-yellow i :
Fe,Fe,S, 1. to red. l2.5 2.04
2 g tam | Yellowisb ;
ua_ + PeS'ﬂ?I_‘L____ ~brown. 275 217 V.
FeS* + 911, White to yel- 25 e IIL
(K,Na)S + 4FeS +91. |Ochre-yellow. 3. 3.2 L
——" White to pale ,
Fo'S*+ 2711 " yeliow, | L5 184 | Fib.
Fe'S*+ 1811 SP o T | Peary. 15 214 | 1L
= Honey- to ,
P.f-nn. ochre-ellow. | Pearly. 3, 8.19 } 1L
Fe,5,H. Straw-yellow. ‘ 'Resinous. 4. 2.5 Mass.
FoS+Fe3*+ 2411, Black dark- Resinous. | L
Fel® Ash-gray to Rhombohe-  Pearly-vitre- 4. 3.6—39 4.5 I
. brownish-red.' dral. ous,







i
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MINERALS WITHOUT METALLIC LUSTRE.
B. Fusible from 1—5, and non-volatile.

L Yidd a metal or a magnetic mass with soda.

Drvision § (continued).



II. MINERALS W

B. Fusible from 1—5, and not volatile, or only partially volatile.

L B. B. with soda on charcoal give a metallic globule or a magnetic mass.

DiIvision 5.—( Continued.)

B. B. fused on charcoal in the R. F. give a black or gray magnetic mass dus do not give the reactions of the preceding divisions,

b) (Continued.) Soluble in HC] without leaving a peroeptible residue and without gelatinizsing.

I

the separation of silica,

©) Boluble in HCI, forming a jelly, or with

Sometimes gelatinizes, sometimes does not. ’.Palagpnibe. l

General Characters. Bpecific Characters. Species.
The nitric solution gives
with molybdate of am-iGives water in the closed tube. Hureaulite.
monia a yellow precipi-
tate. Moistened with, - -
sulphuric acid color the Gives the reaction for fluorine when fused,
flame bluish-green (phos-| in the closed tube with bisulphate of po- TRIPLITE.
phoric acid). tassa.
With borax in O.F. dis-
solve to an amethystine Distinguished from triplite by its color. Sarcopside.
glass (manganese).
Gives the above phosphoric
acid reaction with mo- .
lybdate of ammonia. [With borax gives the manganese reaction,
The blowpipe flame is| but not so plainly as the minerals of the TRIPHYLITE.
colored purple-red in| Preoceding section.
streaks (lithia).
Gives the above phosphoric acid reaction with molybdate of ammonia.
The solution with chloride of barium yields a heavy precipitate of Diadochite.
sulphate of baryta.
Gi::i;hm:np:xﬂh;?hm 28 per cent. of water on ignition. Vivianite. ‘
lybdateedot t.hmml‘:nh
Moistened with sulphuric igmiti D
acid the flame is col :nr;d!l'w 10 per cent. on ignition. UFRENITE.
Easil; i- o e ;
gﬁ?ﬂﬁz’ bomy_ gM!Loses 19 per cent. on ignition. |
shows only the re--“ |
for iron. es 33 per cent. on ignition. te. '
o |
) :
Streak cherry-red. ) (Spe(;liu- :
iron). |
In a matrass yic... . . |
and with HCl forms a| ite. |
perfect jelly .
NOME-
ed, sometimes foliated. LANE (Chal-'|
codite). L
In the matrass yield wi Voigtite. Il
ter, and are decomposed! X X
by HCI without gelatin-|Massive. Ekmannite. 1
inng. " N l'
Massive. Euralite. |¥
13




"HOUT METALLIC LUSTRE. ¢ mr
|
Composition, Color. Cloavege o | Lustre, Hard- | &p. Gr. Pu:bmey.’c‘?;‘:}l‘f"
|
in, Fe)'P*+ 5H. e o Vitreous. 5. 3.3 Basly. V.
. Cleavable in '
P + RFL(R=Fe, Mn) Brgw' three di- Resinous. 5. 3.6 1.5 lN.
rections.
Flesh-red to
{n,Fe,Fe,F1,B. lavender- Silky. 4, 3.7 1.5 V. (%)
blue.
’ iyP, Greeniah-gray, perf i . . Iv.
e, Mn, LiyP blaish, Ste. | erfect.  |Resinous. 5 3.54 15
e'PrioPeregony. |[BL elow, prile  IResinous. 8. (208 [Raaly. A
Different .
oD 4 811, shadesof |Perfect.  [FeMIVitre |15 9 lag |15 |V,
blue.
P 431, D‘;r‘;:;e“' Radiated. |[Silky. 3.5—4, 3.8 Easily. |IV.
Ye,CatPr4 1511, R“;};l‘;‘;_ Waxy. 35 |27 Easily. |Mass,
- Brownish yel- Fib i
o'P + 120 (with F1). [C SR TO disted. " |Silky. 3—4. (3.88
Hyacinth-red ;
o B AL reddish- ' [Foliated. [Yfetalli, o 2.87 Easily.
brown. pearly.
Foliated -
Red to red- > [Dull to bril- i
.. by, | Sbrous, D aliic. 6.—6.5 4.5 5. 1.
o, Mn,Mg,Pe,5i,1. |Raven-black. [Basal Vitreous. 3.5 3.85 Easily. (IIL
Bronze-yellow :
e,Fe, X1, Mg, 5i 1. to .jRadiated, Pearly to sub-i3 |9 g Easily.
15 L8 _ gray. ocompact. metallic.
1,Pe Fe Mg, 51, 1. Le;:ﬁ%:':w’ Micaceous. [Pearly. 2.5 2.91 Easily.
e e Ve A Leekg .
» Fe,Mn, Ng.8i,H. —:hcgl:een to Greasy. 2.5 Easily.
iFe,Fo Mg, S/t |[DYkETeen to 25 263  |Easiy.
LFe,Mg,0a, Na,K,H, | Yellow-red, Vitreous, 4—5. [1.8—2.7 |Easily,
S black. greasy.




II. MINERALS WITI}

B. Fusible from 1—5, and not volatile, or only partially volatile.
L B. B. with soda on charcoal give a metallic globuls or a magnetic mass,

Drvision 5,—(Consinued.)
B. B. fused on charcoal in the R. F. give g dlack or gray magnetic mass, dbut do nos give the reactions of the preceding divisions,

d) Only alightly acted upon by hydro- l

s jelly, or with the separation of silioa.

lo in HCI, ¢ g

)

c) (C

chloric acid.

Bpecific Characters.

Intumesces slightly ; decrepitates slightly;
fuses quietly to a black magnetio bead.

ILVAITE.

Sv;el]s muchbﬁdk fuses ea:lﬁye to a bulky|
ive li no water in| brown or glassa, r separation
Gl:;ehzlﬂm t:be; with| of 8i0, from the HCl solution, ammo-
HCl they gelatinize. Not| nis gives a precipitate which dissolve
cleavable. in oxalic acid, leaving & white resi-
due, which ignited, treated with dilute
HCl to separate carbonate of lime, and
again ignited, gives a brick-red mass
(Ce).

Magnetic.

FAYALITE,

immediately becomes violet when treated
ine and cleavable;| with nitric acid.

Decomposed by phosphoric acid the jelly:

HoRrTOXO-
LITE.

gelatinize perfectly.
Same reaction.

Knebelite.

Gives with soda a sublimate of oxide of zinc.

Roepperite.

Mixed with salt of phosphorus and oxide of
Deocomposed with oepm-| copper tinges the flame green (chlorine).

Pyrosmalite

tion of silica without
gelatinizing, F=2. The HCI solution, boiled with tin, is colored
violet (titanic acid).

Astrophyllit

D(:oamposed ea.;i.ly bnyCl,!

eaving a residue of sil- .

g:kin the form of ’caly|0ccm in granular scaly masees.
es.

LEPIDOME-
LANE.

In some varieties forms
an imperfect jelly withINot cleavable, easily fusible,
HCL.

ALLOCHROr
(iron linw
garnet).

Fuse with difficulty ; after
long heating become Amorphous,

mngetio. Decomposed,
by HCl without forming —

Gillingite.

a jelly. Give water in Fibrous.
matrass. |

Xylotile.

£~ Compare Limonite, Div. 4, p. 92.

Tinges the flame purple- Very perfec_tl'y cleavable in one direction
rod (lithia). | (micaceous..

Lepidalite

Imparts a violet oolor to Some specimens contain enough iron to be-
the borax bead. | come magnetic.

Rhodonits.

Boiled withhphosphoric acid givel a blue :y-
Decomposed . rup ; with soda and nitre on platinum foil
with .ep.bgﬁsg:a :fegi: _give’the bluish-green manganese reaction.

WOLFRANM.

yellow powder (tungstic Same reactions.
acid).

Megabasite.

Same reactions, contains no iron.

Hibnerite.

Fuses quietly at 8. Gela-

tinizes after fusion. |N0t easily cleavable,

Almandine-
Garnet.




T METALLIC LUSTRE. 8
Composition. Color. Cleavaso or Lastre, Hard | 8p. Gr. | Pusibiiey.| Ctalli
R EPOYSE B Gy b irone 5.5—6. 4. 25 |IV.
Pitch- -
ta,00,Fo, &L Pe,8i.  [Pitch-bromn Pitchy tores- |55 6. 3.—42 |55  |IV.
" Dark-green Ing, cleav- .
Fe*Si. :mwknt.o ages at 90°. Resinous. 6.5 4, Easily. [IV.
- Yellow ©0  I1pree
(Fe,Mg, Mn)"Si. dark-yellow | " joqvages. Resinons, 6.5 3.91 4 V.
green.
o Gray, red. .
'Fe, Mn)*Si. brown to 6.5 4.12 Easily. [IV.
black. _ —_
(Fe,Mn,ZnMgySi,  [Parkgreen toRectangl: lyjpregs 16, o Dift.  [IV.
. Brown to
Mn,Fe,5i,CLH. blackish- [Basal. Pearly. 4.5 8.16 2.5 I,
green.
;'if;;i‘gto“lvp°-ﬁ* Bronse-yel-  Ipficaceous. [Peatly. 3 3.32  [Easily. [IV.
R+ 1R)8i* [Dark-green to . ,
R B=K, Mg X1 Fe. black. Micaceous. |Vitreous. 8. 3. Easily. [IIL?
Ca'di + Pe'Sit, Groen_yellow Greasy. 7. |s1—. 8. L
v v N Brownish- . Amor-
Fe,Mn.Fe. Mg,S8i, 1. black. Dull. 3. 8.04 Easily. phous.
Fe, Mg, H, Si. . Wood-brown. 'Fibrous. Silky. 2.4 Easily.
|
B d |
&1,Fe,K, Li,5i, F1. ;,:;_;,ﬁf?;' Micaceous. |Vitreous,  [2.5—8. 2.8—3. 2.—25 [IV.
. Rose-red, |
MnSi. ?;io wn ish-|Perfect. Vitreous. 5.5—6.53.61 i2.5 VI.
- N |
(Fe,Mn). Black. Prismatic. (Sub-metallic. [5.—5.5 [7.1—7.5. 2.5—8 |V.
: {
(Mn, Fe)iV, Brown. Prismatio. ;Sub-metallic. (3.5—4. [6.4—6.9 Easily. |V.
Yo, \Brown-red. |Prismatic. |Adamantine. [4.5 7.1 ‘Easily, |V.
(e + §A1S1. b e Vitreous.  (7.—7.5./8.7—4. |3. L






MINERALS WITHOUT METALLIC LUSTRE.

B. Fusible from 1—5, and non-volatile.

L Yield a metal or a magnetic mass with soda.

Drvision 5 (concluded).

Drvisrox 6.



II. MINERALS WITH(

B. Fusible from 1—5, and not volatile or only partially volatile.
L B. B. with soda on churcoal give a metallic globuls or a magnetic mass.

DrvisioN 5.—(Continued.)
B. B. fused on charcoal in the R. P. give a black or gray magnetic

DivisioN 6.
Not belonging to the foregoing

g di

of the pr

d. (Consinued.) Only slightly acted upon by hydrochloric acid,

mass, but do not give the r

divimons.,

General Characters. Bpecific Characters. BSpecies.
Fused with soda, and then dissolved in HCI
and treated with ammonia to separate iron, Babingtonite.
Fuse quietly to & black| the filtrate gives with oxalate of ammonia
shining glass, a heavy precipitate (lime).
Gives no lime when treated as above. Acmite.
5 Coﬁpu‘e Augite, Div. 6, p. 88.
Easily fusible (1.7—2) with Gjves water in the closed tube. Crocidolite.
strong intumescence and
“;ml 1 pel ogflg bubbles to Yields no water in a matrass. Aﬁ;fmwm
Fuses at 3 without swel- s :
N f :|Occurs in loosely granular masses, or filling| Glauconite
. G te! e s h
lx::;gt lves water 1In - cavities in rocks. (Green earth)
&~ Compare Amphibole
Div. 6, p. 88, Tourmalins,
Div. 6, p. 87. Compare Le-
lpn‘domdanc, Subdivision o,
ip. 78.
(Eosily scluble in HOL\p g on charcoal fuses, fames, and is ab-
{il;];, o booomams wing| 30rbed. In R. F. with salt of phosphorus Molybdit.
on agitation with tin- glvesma bead which when cold is beautifully, 09 PC %
foil. gree:
Gelatinizes perfectly with HCL Eulytite.
Fused with sulphur andiy— O —T -
iodide of potassium on Dovesmlzgt‘,”ge latinize; dissolves with effer- Bisinutite.
charcoal give a fine red -
sublimate on the coal
bismuth). i
( ) Wli:h l;al; .ot phosphorus gives a green bead/p o+ o .

t¥ Compare Samar-
skite, Div. 6, p. 69 ; Adan-
ite and 7 ne, Div.
5, p. 78.




UT METALLIC LUSTRE. 79
!
Composition, Color. Cleavage or Lustre, Hard- | 8p. Gr. | Fusibilicy, CrStalliza-
3R3Sis + PeSic. Dark !
. green- —
2 — Ca Fo Mn. ark Splendent.  |5—6. 8.36 2.5 VI
Red-brown to Cleavable at!
(Fe,Na)*§i* + 2PeSir. blackish-| angle of'Vitreous. 6. 3.4 2. V.
green. 93v. |
N a Green to lav-'n. R i .
Fe, Mg, Na,5i,H. | ender-blue Fibrous.  Silky. 4, 3.2 Easily.
Fe,fe,Mn,Na,Si. Black. P:;f;ztlazt;;f: .:Vitreous. 6 i3. 4 2. V.
— |
Fe.X1,Fe, Mg, K, &, 1. D‘:‘;‘;ﬁ;‘g:m“ Scaly. Dull. Soft. 1.—2. [2.2-24
Sulphur- l
Ho. ;)n.nge, yel- Silky, earthy. 1.—2. i4.5 ‘. Iv.
ow.
|
L Dark hair- |
Bi*Sis, brown to Resinous. 4.5 6.1 Easily.
_ yellow. l | ‘ B
Bi,C,H White to yel- \Dull. 4—456.8-7.0 ‘Easily. |Amorph.
: Reddish- Vitreous \ \ .
Bi,vo*. brown. Basal. uiunmtine..i I5.!"1 Easily. IV,
i
i |
]







MINERALS WITIIOUT METALLIC LUSTRE.

B. Fusible from 1—5, and non-volatile.

II. Yield no metal or magnetic mass with soda.

Division 1 (in part),



II. MINERALS WITH(

B. —Fusible from 1—5, and non-volatile or only partially volatile.

II. B. B. with soda on charcoal give no metallic globule or magnetic mass.

DivisioN 1.

B. B, qfter fusion and continued Aeating on charcoal or in the forceps have an alkaline reaction, and change the color of moistened turmeric paper to red-brown,

8) Easily and completely solnble in water,

General Characters,

Bpecific Characters.

Bpecies,

B. B. on ocharcoal defla-
grate strongly.

In a matrass yield much

Fused on platinam wire colors the flame

tinum produces a yellow
cipitate.

e pre-

violet. In the solution bichloride of pla- 2

Fused on platinum wire colors the flame
strongly yellow. Bichloride of platinum
__produces no precipitate.

SopA NITRI

Rapidly effloresces on exposure to the air
and chunges to thermonatrite.

Natron.

water; the aqueous so-
lutions react alkaline,
and effervesce on addi-
tion of an acid.

Effioresces.

Thermona-
trite.

Does not alter on exposure.

TRONA.

The aqueous solution does
not react ine ; does
not effervesce with acids.
Chloride of barium gives
an abundant white pre-
cipitate of sulphate of

The solution gives a white precipitate with
soda. Ignited and treated with cobalt
solution yields a flesh-red mass (50 per
cent. water).

EPSOMITE (¢
som salt).

With soda yields a white precipitate. Ignit-
ed and treated with cobalt solution yields
a blue mass.

KALINITE
(potash alun

In the concentrated solution bichloride of]|
platinum yields a yellow precipitate.

Aphthitalite

Not affected by the above reagents ; yields|
water in the closed tube.

MIRABILIT
(glauber sal

Not affected by the above reagents; yields
no water in the closed tube,

Thenardite.

Like epsomite—14 per cent. water.

Loeweite.

baryta, which is insolu-
ble in acids.

Like epsomite—13 per ocent. water.

Kieserite.

Like epsomite—21.5 per cent. water.

Bloedite.

Like epsomite but does not effloresce in air.

Simonyite.

Like epsomite—loses 26.8 water when heated
to 133° C.

Picromerite.

Yield no precipitates in the
aqueous solutions with
chloride of barium or|
alkalies ; with nitrate of

Yields a heavy precipitate with bichloride of
platinam.

Sylvite.

silver yield a heavy pre-
cipitate of chloride of|
silver; the reaction is|
not alkaline.

Yields no precipitate with bichloride of pla-
tinum.

Halite
(common sal

Moistened with strong sul-
phuric acid gives a green|
tlame (boric acid).

Reaction alkaline; does not effervesce with
acids; bubbles, swells up, and fuses to a
clear bead B. B.




JT METALLIC LUSTRE. 80
' Composition. Ooler. Coarage ox Lastre, , Bard 1 spor. ;Pﬂbﬂity. Crystalli-
| b
. ! i
KR, White, Vitreous. 2, 1.93 Easily. IV.
| I
| |
NaR, White. iVitnoun. 1.5—2 2.2 Easily. Im
l}
NaC+101L Gray-white. Earthy. 15 1.4 Easly. V.
i
NaC+A. Gray-white. | | 1.5 1.5—1.6 EFasily, 'Iv.
I | !
K 4410, Gray-white. | 25-3. 2.1 Easily. iv.
o3 Colorless- l . I i ;
MgS + 71, vy iVnmom. lz.zs 1.7 Fasily. IV.
a : '
K5+ %15+ 2411, White. iVitreou. 225 17  Fadly. L
| H
KS. White. | iVit:reou.. 3. 178  Easly. IV.
Na3+108. White. [Vitreous. ~ 1.5—2. 148  Easly. V.
NaS, White, |Vieroous. ~ 2.—3. 255  Easly. IV.
(Mg, Na)3+Aq. Yellow-white, Vitreous. 25  2.87  Basily. IL
MgS+ L White. Dull. 25 2.5 Fasily.
(Mg, Na)3+ 211, White, orange- ! Easily, V.
] “Colorless to | |
(Mg, Na)3 +21. blue-green, 2.5 12,24 'asily. V.
yellow. i )
. [ !
(K, Mg)S+38H. White. Silky. 25 | Easily. V.
Colorless to ! | |
KCL white. 'Cnblc. Vitreous. 2. 1.9-2, IEuﬂy. :I.
| !
{
Colorless, LV‘ | ] |
NaCL white, red, Cuble. itreous 2.5 215  (Fasily. L
pnrple. . ] I .
! i
NaB'+ 107 Gray-white. Vitreous. 5 172 'Radly. V.
I '
|







MINERALS WITHOUT METALLIC LUSTRE.
B. Fusible from 1--5, and non-volatile.
IL Yidd no metal or magnetiz mass with soda.

D1vis1o% 1 (concluded).



f moistened turmeric paper

to red-drown.
d) Insoluble or difficultly soluble in water.

DivisioN 1.

B. B. after fusion and continued Aeating on charcoal or in the forceps, have an alkaline reaction and changye the color

B.—Fusible from 1—5, and not volatile, or only partially volatile.

II. B. B. with soda on charcoal give no metallic globule on magnetic mass.

II. MINERALS WITHOUT
General Characters. { 8pecific Characters. Species.
Fusibility=1, Ale  : ,.vee o
the flame yellow ; mois-
:Ux.m

tened with strong sul-
phuric acid colors th
flame green (boric. "~ _

| IGny-lnsnite.
o]

“therite.

i—_

Soluble in dilute hydro-r
chloric acid with effer-
vescenoe.

ammonia (phosphate of lime). The nitric
solution, warmed with molybdate of am-
monia, gives a yellow precipitate.

Staffelite.

In closed tube yields much water. Gypsum.

Quietly soluble in much
hydrochloric acid; the
solution gives with chlo-
ride of barium an abun-
dant precipitate (BaO,
80,). The solution neu-
tralized by ammonia,
gives with oxalate of
ammonia a precipitate of
oxalate of lime.

Yields little water in the closed tube. 1In its'
solution bichloride of platinum gives a yel- POLYHALITE. |
low precipitate. Partially soluble in water.;
Yields no water, and is not precipitated by
bichloride of platinum. Partially soluble GLAUBERITE. .
_ in water.
.Yields no water; does not precipitate by
bichloride of platinum ; insoluble in wa- Anhydrite.
ter.
3™ Compare Celestits, below, which in fine
_| _powder is slightly acted on hy acids. I

Fused in the forceps colors the flame yellow- ‘Bu-iu. !

\ | ish-green.
Celestite.
ed on charcoal evolv - .
an arsenical odor. Pharmacolite.
Easily fusible in the flame of a candle.
(F=1) Oryolite.
In the closed tube decrepitates and generally| Fluorite
Heated with concentrated| phosphoresces. (fluor spar).

sulphuric acid in a test- .
tubl:, or fused with bisul- Same as cryolite (occurs in granular masses).

phate of plcm:s&a in a'mhe same, but in closed tube yields water,
matrass, yield vapors‘of‘ which has a strongly acid reaction.

hydrofluoric acid, which
corrode the glass, Yields no water in the closed tube.
Yields no water in the closed tube.

Yields water in the closed tube.
B. B. immediately becomes white and opa-

Chiolite.

PACHNOLITE
(Thomsendiite

Arksutite.
Chodneflite.
|Gearksutite.

Effervesoes with concen- CANCRINITR

trated hydrochloric acid ;
the solution when eva-
porated gelatinizes,

que ; fuses at 2.5 with intumescence to a
white blistered glass, which placed on tur-
meric paper gives an alkaline reaction.

(near nephe-
lite).




METALLIC LUSTRE.

81

Composition. Color. Clearago o | Lustre, Hard- | gp @r. |Fasibility. [Cgtoten-
i
1Na,Ca,B, 1L White. Fibrous.  [Silky. . e |1
! !
| : -
Calt 4 Calt . Vitreous, 1.9 : v
i.\a(, +CaC+ 51, White. pearly. 2.—8. [1.99 Easily.
. i
Bal. White-gray. Vitreous. ‘3.5 4.3 2. Iv.
1
Leek-green to |
Ca'P,Cal. green-yel- 4, 3.13 Stalact.
low.
! I
. Colorless, |In 3 direc-|q; ! ,
aS+2A. gray-white, | tions. Silky, vitreous.'2. 2.8 |2.5—3. lV.
h—s +MgS+2CaS4+2n.| Yellowto Vitreous, 2.5  [2.77 4 5 !IV ("
| o to ) ) ) e av.(:
XS+ CaS Yellow to | Vi 25 2.7 15 |V
NaS +Cab. gray i itreous. K . . .
S |
a3 Colorless,  porfect in 3y, :
| a3 whntrp;-;lne, directions, | ¥ itreous. I3.5 2.9 2.5-3. |IV.
|
| l
| — — | — e —— P
- All colors, .
Ba3. white - yellow, B2 Pe™ Vitroons, (258545 3. v
blue. | ect.
T Colorless, 'Basal, per-'y,.
SrS. white, blue. tect. Vitreous. ‘!_—_3_5 3.9 ,3._ . “_’.
Ca'3s+0611. White-gray. Vitreous. ~ 2.—2.5 2.7 Easily. V
I
i l
: White to  |Basal per- ..
3NaFl+ Al'FP, black. fect. Vitreous. .2.5 3. 1. lz. ?
CaFL All colors.  |Octabedral, |Vitreous. ;4. 318 3. L
3NaF1 4+ 2A1'FL, ‘Snow-white. " 272 L I
3(Ca, NaJF1+ALFP 211 Colorless: Vitreous. 254 275 Easily. V.
2(Ca,Na)F1 + AI'FI', White. Vitreous, 2.5 31 Eamiy. Mws
2NaF1+ AI'FI'. White, i 4 3, Basily, 11
2CaFl+ A'FI+411. | White. Earthy, 2.
1
. - i !
&1,Ca, Na, &, 8i. ‘;‘;‘;‘f’;eih".“‘:_ Hexagonal. IVitreonl. ’r._o. 2.5 25 1L







MINERALS WITHOUT METALLIC LUSTRE.
B. Fusible from 1—5, and non-volatile.
IL. Yidd no metal or magnetic mass with soda.

Diviziox 3 (in part)



II. MINERALS WITHOU"

B.—Fusible from 1—8, and non-volatile or only partially volatile.

1L B. B. with soda on charcoal give no metallic globule or magnetic mass,

Drvision 2.

Soluble in hydrochloric acid, some also tn water. The solution is not gelatinised by evaporation.

Bpecific Characters.

|

Fuses easily; with strong sulphurio acid it
gll'z:: off hydrofluorio acid, which corrodes
glass.

lDurmgite.

Give arsenical fumes on
charcoal.

Gives an amethystine bead with salt of phos-
phorus (oxide of manganese).

| Chondrarsen-
ite.

Gives a green bead with salt of phosphorus
(oxide of uranium ; with 8 + KI gives ared
sublimate on charcoal (iodide of bismuth).

!
Walpurgite.

Gives a green bead with salt of phosphorus,
but no reaction for bismuth.

Trogerite.

Solable in water. Colors the
borax bead violet when|
hot (oxide of manganese)

Solable in water. Give a
sulphur reaction with
soda on charcoal. Fuse
when first heated, and
swell up to an infusible
mass,

Gives on charcoal a coating of oxide of zinc.

lAd.unibe.

Gives much water (40 p. c.) in the closed
tube.

I

Fauserite,

Moistened with a potash or soda solution
gives an odor of ammonia.

Techermigite
(ammonia
alum).

After fusion moistened with nitrate of|
cobalt dnd again ignited becomes blue
(alumina).

Alunogen.

After fusion moistened with nitrate of co-
balt and again ignited becomes green
(oxide of zinc).

Goalarite (zinc
vitriol).

Treated with caustic pot-
ash or soda gives the odor
of ammonia.

Gives much water in a matrass,

STRUVITE.

Imparts a violet color to the hot borax bead
_{oxide of manganesc).

Sussexite.

Solable in water.

Sassolite
(boric acid).

B. B. fuse easily with in-
tumescenoe, and color;
the flame green (boric!
acid). Give the boric
acid reaction with sul-
phuric acid and alcohol.

Insoluble in water, gives 26 p. c. water on
_ ignition,

Hydroboracite

Gives little or no water.

BORACITE. *

Like Hydroboracite, but contains only 7 p. c.
water.

Szaibelyite.

Like Hydroboracite. Its nitric solution
gives a yellow precipitate with molybdate
of ammonia.

Lineburgite.

{zF Compare Boraz, Div. L., p. 80

Give with borax a violet
bead (manganese.)

Moistened with strong sul-
phuric acid color the
flame pale bluish-green.
The nitric solutions give
with molybdate of am-
monia a yellow precipi-
tate (phospho-molybdate
of ammonia).

{3~ Compare Alabandite and Hauerite,

which give off sulphuretted hydrogen
when treated with HCI. (See Div. 5, p. 67.)

Fuses at 8.—8.5 with bubbling ; soluble in
dilute hydrochlorio acid.

Wagnerite.

faint white light.

In the closed tube phosphoresces with a|

Kjerulfine.

Fuses quietly at §; insoluble in dilute hy-
drochloric acid.

Apatite.

Reacts like apatite, but also gives much
_ water in the closed tube (26 per cent.).

Brushite.

Same as above. Water=18 per cent.




METALLIC LUSTRE.

82

Composition. Coloe. Clearage or Lustre. Hard- | o) Gr. | Pusvitty.] SO
il,Fe,Mn,Na,Li, X8 F1[Orange-red. [Prismatic. |Vitreous 5. 4, 2. \A
1n*Xs + 241, Yellow-red. 8. Easily, (Gran.

i, €, Xs, . Wax-yellow. |Scaly. Adamantine, 5.8 V.
3Xs+ 201 Lemon-yellow |Tabular. 3.3 V.
n*Xs + 2o hm};‘;’,‘;z";;: Distinct, |Vitreous. 3.5  |4.34  Easily. [IV.
(g5 +20aS+ 151 (Bedtorellowrniingt  (Vibreows  [2—25(1.89  Easly. [IV.
(L0 + IS+ 2411, | Colopiess to Vitreons.  |[L.—2. [1.50 L
a5+ 181 Tellow, red- Silky. 1.5—9. 1.7 ) v.
'S+ 70, White. Priamatic. |Vitreous. 2.—2.5 11.95 :Ea.sily. Iv.
|
NHOMgyB+ton. [ YUOw o |pun)  (Viweows. 2 |17 Easily. IV,
Mn, Mg)*B + L. Gray-white. |Fibrous. |Silky. 3. i3.42 e |
'B. —Y‘j:‘;i‘{ef" Scaly.  'Pearly. 1. s 1 VL
‘a’B'+ Mg*Be+ 1811,  (White. Foliated. 2. 1.0—2.  Easily F;t;o;._.
1gs B+ $ MgCl. W_“‘f‘?mnf“’ Vitreous.  45—7. 207 2. !1 o
Mg*B 4 411 White-yellow. '3, 4. ;3.— Easily, f—-
(Mg, )P+ MgB 7L
|

Mg'P+(Mg,Na)FL.  [Yellow. Vitreous. '5.5 301 5 V.
Mg'P +CaFL Pale-rcd. Greasy. A5 315 3 ,v—. o
"B+ Ca(CIFY). blue, yellow, Vitreous. '5. '2_9_3_2_.4,5_,-,, - 1. )

white. i ‘ '_ » o
3(:.+5H)‘P+4H. Yellow-white. Perfect. (o80T~ 225 2.21 Fasiy. V.
‘P Call + 41, ‘Snow-white. Perfect. P‘;‘i't'{.’;l__u 292 , "

—






MINERALS WITHOUT METALLIC LUSTRE.

B. Fusible from 1—5, and sos-volatile.

IL Yiedd no metal or magnetic mass vith soda.

Divisios 2 (concinded ).

Drvisiox 3 (in part).



II. MINERALS WITHOTU

B.—Fusible from 1—5, and not volatile or only partially volatile.

I1. B.B. with soda on charcoal give no metallic globule or magnetic mass.

apophyliite, analeite, be-
longing to the next sec-

tion,

§ General Oharacters, 8pecific Characters, Specles. J|
~ 3
i3 '
g 3 Solubllle Txi dl;lfoulty in strong acids. Fused
8 . with bisulphate of potassa evolves hydro- ‘
E §§ Fuse at 2, coloring thel fiuoric acid. The nitric solution gives a Amblygonite.
T §§ flame purple-red (lithia).| yellow precipitate with molybdate of am- '
o ‘_g ll;:moresﬁ?hh with & monia,
% 3 ue - - -
S A like mineral, with 4 per cent. of water. |
E P Gives a pure lithia flame. HEERONITE, |
A § With salt of phosphorus in| Fuses with ease in the matrass. The solu-
2 0. F. give a yellow glass| tion in HCl has a yellow color, and gives Autunite.
] which in R. F. becomes| With ammonia a yellowish precipitate.
green (B). "~ Compare Torbernite. Div. 8, p. 75.
In matrass gives little lwa- 1
ter. B.B. fuses to a clear|The dilute acid solution colors turmeric paper|
glass, tinging the flame| red (borio acid). Datolita. |
green. |
s | |The dilut% HOl solution l
gives with sulphuric acid|,, . . . .
§ a precipitate of the sul- Prismatic cleavage perfect. Edingtonite. ‘
§ phate of baryta. ‘
Fuses quietly at 2, without| . .
2 F A Carbonate of ammonia produces little or no
2 ewelling orintumescence, precipitate in the HCl solution, after the, NATROLITE.
8| .| to a clear transparent 3 A
S8 glass alumina has been separated by ammonia.
8 =
i % Fuses with intumescerlmﬂce.
¥ !%| Inthe HCI solution chlo-
@ o §° ride of barium produces Ittnerite.
% 2 2| a precipitate. (Ba080;.)
E § 3 Fuses to a voluminous frothy shining slag,
& S13 which in R.F. further fuses o a vesicularq b0
g’ - slightly transparent globule ; becomes elec-
8! tric on heating.
2| Sometimes curls up in Fuses, emitting air-bubbles to a white trans-
§ :l worm-like forms on fu-| lucent enaln!;gl. _I.Auxox'rrrn
£ < sion. Fuﬁ; :::llzggculty on the edges, worming,Ch—allntyan.:or-
2 . I__P
i Resembles scolecite, but is not pyroelectric. Mesolite.
3 Resembles scolecite, but is not pyroelectric. | Thomsonite.
] Often decrepitates. Found in rectangular-
terminated crystals. Often in twins con- Phillipeite.
Fuse at 8 with slight in-| sisting of 8 or 4 crystals united around a peite.
tumescence. common axis.
Usually hasmthe appearance of the square Gismondite.
I3 Compare  okenite,




T METALLIC LUSTRE.

OComposition. Color. Cleavage or Lastre. Hard- | gpor.  Posbility, CTgAe
]
LiNa)*+3X1)‘B with '
Gl(nrt of nhe%lzveplmd Green, gray- |Cleavable at y;ir00ns 6. [B.11 2, VL
by FL white. 105°. I i
Gray-white. Cliaogeble .tIVitteoua. IG. 3.04 2. VI.
| |
Lemon to sul- ! ' ! .
EP+Call+71L phar-yellow, (Basal Pearly. 225 3.1 2.5 v.
White. . ! .
. Colorless, |
(Ca?, 11, B)5i white-groen, Vitreous, 5.5 ! V.
yellow-red. I |
s by |
X1, Ba,8i, 1. White-pink. |Prismatic. [Vitreons. 4.5 2.7 Easily. |IL
l ! :
o |
Na, &1,8i° A, ‘White to red. Vitreous. 5.5 2.25 2, Iv.
| | |
&1, Ca,Na 1,3, 51 Ash-gray. Vitreous. =5.5 2.4 Easily. L.
) , |
Ca, X1, 5%, 1%, lwmm. Prismatic. Vitreous. '5.5 2.2 2.2 V.
Ca, A18i% 110 WUOET, (Primatio [Pesrly. 35 128 Bwsly. V.
|- ! :
8i. %1,Ca, 1, L. (White, Glassy. 5 2.54 IIL
CaSm)AILSI3IML_ (White, Fibrous. _|Bilky. 5. 23 Easily. ?
(CaNa), AL25i,2)11. | White. Prismatic. |Vitreous. 5. 235 2 IV,
(Ca,K),X148i,5(. | White (red). Vitreous. 1.—4.5 2.2 3. Iv.
I i
1,0, K, Si, 1 IB‘:‘V‘;}'J“““’ | Splendent. |46 226  Easily. |IV.







MINERALS WITHOUT METALLIC LUSTRE

B. Fusible from 1—§, and son-volatile.

IL Yield no metal or magnetic mas with sxda.

Division 3 {conc.aded;,



' II. MINERALS WITHC

B. Fusible from 1—6, and non-volatile or only partially volatile.

o BB with soda on charcoal give no metallic globule or magnetic mass.

D1visioN 8.—(Continued.)
Solubdle in Aydrochloric acid, forming a s{ff jelly upon evaporation,

) B. B, in the nloeed tube give no water, or but traces.

General Characters. Specific Characters, Species.
g~ Compare datolite of
*| previous section.
Heated with hydrochloric acid evolves sul- Helvite.
phuretted hydrogen ; not cleavable.
Give with borax in O. F.\p B with soda on charcoal a slight oovating|p, - o1s
?:ﬁ d:n;fethy stine esg)l““ of zinc. Heated with HCI evolves HS. te.
Gives off no sulphuretted hydrogen. Per-
fect cleavage in one direction. TEPEROTTER.
Color sky-blue, Fuses with difficulty at 4.5 :
to a white glass. Haaynite. i
Color sky-blue. Gives off sulphuretted hy- . .
With ’:fd: on °h“;°°°l give| drogen when treated with HCL Lapis-Lasuli. |
& sulphur reaction Fuses quietly at 4.5. Mostly crystallized in/y ite !
rhombic dodecahedrons. oaite. {
F t 8 with intumescence. Massi .
t?::n:iu. wi m ve Scolopsite.
Fused with a be 3 . .
of ;ll:os;hon:l Ofvl;‘;l; Fuses to an opaque pistachio-green bead. !
has been saturated with In the dilute HC! solution turmeric paper. . ol .
oxide of copper, tinge assumes an orange color (reaction for zir- yte. !
the flame blue (chlonde conia).
of copper). In the nitric
;?i';:‘gnp:;g;?&g :fllt‘.'l?; Fuses to a clear colorless glass. SODALITE.
chloride of silver.
Fuses with intumescence to a vesicular glass
which cannot be perfectly rounded by Meionite.
fusion. .
Fuses quietly. After the separation of the
alumina by an excess of ammonia, gives a'Melilite(Hum- -
In the hydrochloric acid| copious precipitate with oxalate of ammo-|{ boldtilite).
solution, after separa-| nia. Occursinsquareand octagonal prisms. l
tion of the silica, ammo-{Does not give the above reaction with oxalate NEPHELITE |
nia gives a precipitate. of ammonia. Found massive and in hexa-' (Elaeolite). {
gonal prisms. Fuses without intumescence.
{3y~ Compare Cancrinite, Div. 1, p. 81.
Behaves like melilite, but is less fusible. B(‘;{:"A“_fm_&
F=4. ite).
In the hydrochloric solu- .
:{:’:’sﬂaif;: ra:,ﬁmsglv::' Fuses quietly to a colorless translucent glass. W(x);.xx:mon- f
little or no precipitate,
but carbonate of ammo-
nia causes a copious sep- . .
aration of carbonate f,’, g3 Compare Pectolite, Div. 4, p. 85.
lime.
g5~ Also compare the difficultly fusible
minerals Gehlenite, Div. 5, p. 94; Tachy-
Ute, Div. 4, p. 86; and W"dlcmota Div. 2,
p. 91.




UT METALLIC LUSTRE. e |
1 1 - .
Composition. Coize. R -Simatid Zamwe. Bt gpose  Founo. _ar
' i
13(Mn,Fe)+}Be)'Si + Wax or bouey- ; c_g7 12 2 -
MnS. yellow. Resaoes. LT .
*(z'; Fe, M“H"Be"“l“:;f‘" Vitreczs  3.3—6. 343 Euly. L
_ Reddish-
Mn?Si. . brown, ash- Vitreczs. 5. 4 25 bt
! __gray. .
4887+ 1AIPSP+ CaS. Green to blue. 23°be Vi 0 556 25 45 L
*a,Na Al Fe,8,8i Azure-blue. Vitrecus. 5.—5.5 2.4 3 L
1N a’+3A1)’5i° + } NaS. Gray to black. Vitrecus 5.5 23 45 L
. ish- ' 3.
§1,Ca, Na,8,01, 54, 1. ;G’:{h‘;’;‘; Splintery.  Resinous. 5. 253 Mavsve,
1
. | .
,(Ca,\.,Fe)u;zx)*m..B:f brown- Vitreous. 535 2.9 25 L
Gray, green, T .
iNa’ + $A1)’Si® + jNa blue, yellow- Vitreons. 55—6. 2.3 354 I
Cl | white.
1Ca, Kay + gRIps,  Colorlem to i"itreons. 55 27 3 IL
- — —_— —_— i - R —_—
i((a, Mg, Na)*+1(Xl, White, yellow,I . "
Fe)si. brown. iBnaL 1Vitreous. '5. l2.0.; 3 1L
ta, K, &1, Fe, i Colorless and gy, ooy ""““‘ © 54 26 35 IIL
) 134, y . g’reen-red. I J. . 4.
! .
'a, Mg, &l Fe,8i. IWhita. Granular. |Vitreous. 5.5—6. 2.75 4 VL
G l o
‘aSi. White-gray. |Basal. Vitreous. 4.5—5. 2.9 45 V.







MINERALS WITIIOUT METALLIC LUSTRE.

B. Fusible from 15, and non-volatile.

II. Yield no metal or magnetic mass with soda.

Drvisiox 4 (in part).



II. MINERALS WITIO

B.—Fusible from 1—5, and non-volatile, or only partially volatile.

IL B. B. with soda on charcond give no metallic globde or magnetic mass.

Drvisiox 4.

Soluble in Aydrochloric acid, learing a residue of silica without forming a perfect jelly.

a) B. B. in the closed tube give water.

fusion but slightly attacked by acids.

(&~ Compare Xonailite and Sepiolits, Div.|

General Obaracters. Bpecific Characters. Species.
With borax gives the ame-|Treated with HCI evolves chlorine, and silica’ .
thystine color of man-| separates as a slimy powder. Gives 9 per Klipsteinite.
ganese, cent. of water on ignition.
Fuses with slight int;mesoenoe ut’l & white
enamel-like glass. Yields but little water.
After fusion gelatinizes perfectly with PrcroLITe,
Easily dggomposed by HCL,| hydrochloric acid.
the silica separating inipyges at 1.5; colors the flame violet (pot-
gelatinous lumps. After| ggh): yields much water; after fusion is APOPHYLLIT
:gieca,”?))a?s%ﬁ;iof gi:‘l:ene; but slightly attacked by acids.
: : iFuses at 2.5—3, with frothing to a milk-
th onia nl . . .
;" nlig;?;‘m cipilt‘:t:.r oLy white glass : yields much water; afterOkenite.

Decomposed by HCl like

gilica the solution gives|
with ammonia & copious|
precipitate.

the preceding.  After
the separation of t.he|

_5_. p. 93.
B. B. at first becomes opaque, but fuses
trapezohedrons and cubes.

quietly to a clear glass. Occurs usually infs,y crrg.

The dilute HCl solution
gives with chloride of
barium a white precipi-
tate (BaS).

Fuses at 3 with intumescence. (Contains
13 p. c. of water.)

Brewstoerite.

B. B. swell up more or less
and fuse with contor-|
tions to enamel - like
masses. In the solu-
tion from which the
silica has been separated
ammonia produces a pre-
cipitate.

Yields but little water (4.3 per cent.). The
_ others give from 15 to 20 per cent.

Prehnite.

Distinguished by its rhombohedral crystalli-
zation and imperfect cleavage.

CHABAZITE.

Perfectly cleavable in one direction. Ortho-
rhombic. B. B. intumesces strongly.

STILBITE.

Perfectly cleavable in one direction. Mono-
clinic. Lustre very pearly on one face.
B. B. intumesces strongly.

HEULANDITE

One perfect cleavage. Intumescence less.

Hypostilbite.

Fuses with scarcely any intumescence.

i Mordenite.

These minerals, the hard-
ness of which is not
above 3, are softer than
the other minerals of|
this division.

Fuses at 3.5—4 with intumeacence; mnot
cleavable. (}Vgt;er =9 p.c)

Chonicrite.

Fuses quietly—at 4.; cleavable in one direc-

13 p.c)

tion. (Water =11 p. c.) Pyroeclerite.
Exfoliates in worm-like forms, Vermiculite.
Exfoliates prodigiously. JEFFERISITE
Swells up ; fuses with difficulty. (Water =y ollyte.

Swells up and fuses to a white enamel.
(Water = 21 p.c.)

Kerrite.

Swells up and fuses to a brown glass
(Water = 11 p. ¢.)

Maconite.

Fuses with difficulty to a white enamel.
Water = 4 p. c.)

Willcoxite.

Exfoliates slightly ; fuses with difficulty to
:8 brow;l-yellow blebby mass. (Water =
p.oc.

Dudleyite.




T METALLIC LUSTRE.

85

|

Composition. Oolor. Cleavage or Lustre, Bard- | sp.arn Fudbﬂity-i S
5 Dark liver- . ,
n, Mo, 81 1L brown to Dull to#ab-  I5_5.5. (3.5 iAmorph.
(4Ca+3iNa+1M)Si iwme to gray.|Fibrous,  (Silky. 5. 2.7 2. 'v.
|
) ‘Colorless, Vitreous i
(3(Ca,K)+310)*8i + N18i!  white, rose- Basal. 1 5. 2.3 1.5 IL
__red, yellow. pearly. |
G +40)Si+ .  White. Fibrous.  'Pearly. 4.5—5. 2.3 Easily. glV.?
!
Colorless to !\ .
o o white, . Not cleav- .
X1,Na, S 10% | green, “yel: able. | |Vireous. 1555228 25 L
low, red. |
X1.(3Sr+Ba),8i" A%. |Yellowish- |Prismatic. |Pearly vit- |5. 2.45 3. V.
white to gray. reous.
CaALFe S, (AP YO Ol Basal.  [Viereoun 665129 2 IV
(3o +i(NaK), &L, 8it, White, tleah- Vitwoous 4.5, 31 [Easily 'nL
'—'_. .. 0 i " . . > T 1 7
Ca, KL Si%, 1% White, yellow: prismatic, [Pealy vit- g5 4 2.16 p—25 V.
[P . !
<0 7rs . Clinodiag- |Pearly vit- |
Ca, X1, 80,1, White-red. nodi ey 3.5—4 (2.2 I2 —25 V.
(Na,0n), AL4}SIT.__ |White, Fibrous, _ Vitreous, __ [3.6—4, 2.2 (Easily.
(Na,0a), X1, 8i*, . White. C°f,°;_°“°“’ Silky. 5. 2.08 !Euily.
&1, Mg, Ca, 81,1, White-yellow. Silky. 25829 354
(#(Mg,Fe)* + H(XLEr))* Apple to em-|y,. ‘ i
&i*4 s1l. d erald-green. Micaceous. (Pearly. 3. |2.74 |4. v.?
Mg, Fe, &1,8i, 1. Brown-yellow. Micaccous. |Pearly. 1.6 2.7 VL?
Mg, Fe, &1, 54,11, Brown-yellow. Micaceous. |Peatly. .5 2.3 Iv.?
I \? 01)24;2 -
((FeMe) + HRVE0+ g 3. 1261  |Difcult. |Amorph,
Mg, Fe,X1,8i, AL G'ee'l‘i:l" -y el'ihﬁeweou. Pearly. 1.5 ;2.8
K, Mg, Fe, 1,81, 0. Dark-brown. Ihﬁmeous. Pearly. 2, 2.8
K,Na Mg, Fe,X1,8i H. |Gray. Micaceous. |Pearly. 1.5
Sa,Mg,Pe,XL81L H. |Bronse. Micaceous. |Pearly.







MINERALS WITHOUT METALLIC LUSTRE.

B. Fusible from 1—8, and non-volatile.

IL Yidd no metal or magnetic mass wuh soda.

Drvissox 4 (concioded).



II. MINERALS WI1

B.—Fusible from 1—86, and non-volatile, or only partially volatile,

IL. B. B. with soda on charooal give no metallic globule or magnetic mass.

Drvisroxn 4.—( Continued.)
Soludle in hydrochloric acid, leaving a residue of sllica without forming a pexfect jelty.

Div. 6, p. 87; also Teph-

roite, Div. 8, p. 84.

§' General Characters. 8pecific Characters. Species.
a
H
2 Fuses quietly at 8. to a milk-white globule.
B The dilute HCl solution colors turmeric Catapleiite.
ﬁ paper orange-yellow (zirconia).
-§ H =4.—4.5. Cleavable. |Fuges at first with intumescence, then
} ‘quietly at 2.5—3. to a yellow-brown
4 glass. With salt of phosphorus in the{Mosandrite,
<] reducing flame gives a violet color (titanjo|
8 acid).
: Absorbs water with avidity. (H =10 p.c.) SEPIOLITE.
g Difficultly fusible (F=5.) Does not absorb water. (Water = 20 p. c.) lDli‘-Wll'i'l.l'l'l!
8
§ |Fuses at 2.0 to an 0paque|y;q14; b little water. The h i
P . ydrochloric
S g:cﬂ]:lymdm nfplf‘:;dpg’ solution gives with ammonia a heavySordavalite.
S| hydrochloric acid. greenish-gray precipitate.
g3~ Compare Pactolite, Chonicrite and Preh-
nite of the preceding subdivision.
%‘if%m;“&m““‘““» Generally gelatinizes. Color, aky-blue. .
. D Fuses easily in the candle flame, and B. B.,
Micaceous; also scaly mas-| " with intumescence to & gray enamel giv-|Cryophyllite
sive. ing a lithia-flame.
F‘:ﬁ; easily to & blackiryg gilica separates as gelatinous lumpe. Tachylite.
Fuses quietly. Difficultly decomposed ; the .
E The HCI solution evapor- mllc:;1 sepa{'ates asa slh{:y powder,  [Schorlomite
§ :iﬁoir &lﬁ?‘r’; olgi Fuses with mzl(:h effervescence. Easily ?:- Tach
5 e composed, the silica separating in gela- effkinit(
;: . color (titanic acid). tinous lumpe,
Fuse with intumescence at| i
g 2,5?0 & white vesicular|Cleavable in two directions. (ge:polit;
e which cannot easi-
'g ly be further fused. - |=55~ Compare Mcionite, Div. 3, p. 84.
B The silica separates in . .
flocks; the acid solution{The solution colors turmeric paper orange- .
z when boiled with tin be-| yellow (zirconia reaction). Easily fusible|Wdhlerite.
°| comes beautifully blue| at 3 toa light-green, much-blistered glass.
4g| (Columbium reaction).
4 Fusibility = 3.5. Often striated, and shows|p, .
: Cleaves in two directions| beautiful play of colors. ABRADO
= with an angle of 94°, Fusibility = 4.5. Gelatinizes with acids. |Anorthite.
Gives the chlorine reaction|p,. . etrosomm
with oxide of copper. Difficultly fusible. M mm
§3¥~ Compare Grossularite,
and Danburite,




OUT METALLIC LUSTRE.

Composition, Coloe. : m or Lastre. | — Sp. Gr. lr-n:ky. jy
l |
2r,Na,0a,3i, A, Yellow-brown. an’mtic. Vitreous. . 28 o
| ' b
€e,Ca,Na, 11,8, H. Reddish-  Prismatic. Resinous. 4 2.95 3 Iv.?
brown. | .
Mg'Si*+ 20, Gray-white. | Dull. 22 5.
f -ﬁ—_. y _v 3
Mg, Si,H. 'hlt.emg-e llow . Greasy. 3 22 3.
l 1]
X1,Fe, Mg, Si.H. Gray-black. I Resinous. 25 238 25
_
' |
I [
! . Black, : ’
Xl Fe K, 14,8, H. to brows.red ‘}ﬁuceou iPeuly. 2.5 2.91 1.5—2. 1IV.
Fe,Mg,0a Na, %1, 5i,H. ‘G“";hc{iwh' Vitreous. 65 26 2.5
Po,Ca,Ti, i Black. \Vitreous.  7.—7.5 3.8 3.
Ce, Fe,Ti, 8 Black. Vitreous.  5.—5.5 4.5 Easly
White, gray, -
X1, Pe,0a,Na K, 81 bluo, green, Prismatio. V‘m“’ 5.—8. :2.6—2.8 25 IL
Oa,Ka,2r,Cb, 81 Yellow-brown. Prismatic. |Vitreous. 55 341 3. Iv.
e Rra s %o White, - R . .
(CaRa)Si+RS®, o g&.:m“- Vitreous. 6. 2.7 35 WL
o G <o Colorless, Two ual v.
(‘aSi+&ISL white, gray. cleavages, [ViToU8  6.—7. 2.7 45 VL
Ca,K,NaCl, X181 Colorless. Vitreous. 6. 2.6 5. 11,
I
}
I ]







MINERALS WITHOUT METALLIC LUSTRE.

B. Pusible from 1—8, and non-volatile.

IL Yidd no metal or magnetic mass with sods.

Drvixsow B.

Drvimos 6 (is part).



II. MINERALS WITHOU"

B.—B. B. fusible from 1—B, and non-volatile or only partially volatile.

II. B. B. with soda on charcoal gine no metallic globule or magnetic mass,

B. B. give a deep amethystine color
to the borax bdead

Drvisiox 85,
Rightly astacked by hydrochloric acid.
ganese).

General Characters.

Specific Characters.

Species.

Gives water in the matrass,

Found in fibrous radiated masses.

Carpholite.

(oxide of man-

Fuses quietly at 8. Cleavage indistinct, sometimes dodecahedral.

SPESSARTITE
(manganese
garnet).

Fuses with intumescence at 2.—2.5. Plainly cleavable in one direction.

Piedmontite,

Fuses quietly at 8. Plainly cleavable at an angle of 92°.

RHODONITE
(manganese
spar).

¥~ Compare Azinite in next section.

Drvisiox 6.
Not delonging to the foregoing divisions.

Fused alone colors the
flame green (boric acid).

Fuses at 3 to a globule which while hot is!

clear, but becomes cloudy on cooling.|Danburite.

Yields no water in the closed tube.

Yields water in the closed tube. |

Howlite.

The powder is soluble ingy .\ ¢ 4id solution is boiled with metal-
1

hydrochloric acid, leav-
ing a yellow residue of
tungstic acid.

lic zine, it becomes colored intensely blue,
but soon bleaches on dilution.

Scheelite.

Micaceous. Give to the

Fuses at 2.

Gives in the closed tube little
or no water.

Lepidotlite.

blowpipe flame the pur:
ple-red color of lithia.

B. B. vermicular exfoliations. Gives in the

closed tube much water.

Cookeite.

Micaceous, but do not give
the lithia flame.

Swells up B. B. and gives much water in the

Fuses quietly. Easily decomposed by sul-

§3®~ Compare JMuscorite and Butite, Div. 6,

closed tube (11 per cent.)

Thennophyl-
lite (s rpen
tine).

phuric acid.

Euphyllite.

Fuses quietly. Difficultly decomposed by
sulphuric acid.

MARGARITE.

page 94.

Not micaceous. Give to

Fuses quietly to a white enamel.

PETALITE.

the blowpipe flame thely roecr 3 oome"0ut fine branches,

purple-red color of lithia.

which fuse to a clear glass.

SPODUMENE,

Phosphoresces when heat-
ed, or when struck with
a hammer.

Fuses quietly at 3 to a transparent colorless
glass. With salt of phosphorus in the open
tube gives the fluorine reaction.

Leucopbanite

Gives water in a matrass;
the partial HCI solution
gives a precipitate ‘with
sulphuric acid (baryta).

Usually occurs in twin crystals.

HARMOTOME-

Fused with a mixture of!
fluor-spar and bisulphate
of potassa momentarily
colors the blowpipe flame
green.

Fuses easily, with much effervescence, color-
ing the flame pale-green to a-dark-green
glass. The fine powder of the fused min-
eral gelatinizes with acids.

AXINITE.

Different varieties vary much in blowpipe
characters ; all become electric by heat-
ing. Some gelatinize after fusion.

Tourmaline.

Partially decomposed by

Fuses with slight intumescence to a black-
ish glass.

Titamte.
(Sphene).

hydrochloric acid; the
solutions when boiled!

Differs in crystalline form.

Guasrinite.

with tin become violet Fuses with brisk intumescence to a blackish'Keilhauite

(titanic acid).

mass.

|(Yttrotitanite.




METALLIC LUSTRE.

Composition. Color. o> Lostre. Bvd g Gr. Faoiz R
- i~ i Stellate, g 5_552 3.5
X1, Pe, 8n)!Si*+ 8H. ISt;raw-yellow. Gorons.  SIKY- 5.—5.5 29 5 Iv.
. e t
H Mn, Fe)+ §X1)'5i% lBrowui.sh-red. Vitreous. 7. 12 3. L
|
iCa? + $(Mn, Fe, &1))’ Cherry-red to p . - 34 3 Y.
o, reddish-brown Prismatic. Vitreous. 6.3
nSi Bg;:;:_dv |prismatic. Vitreous. 6. 3.6 25 VL
i
28i + Brdin. Pale-yellow. Vitreons. 7 2.9 3. YL
ﬁ,s‘i,ll White. | Sub-vitreas 35 25 Ezs..) Arrrh.
aiv. White, brown, 'Vitreona,  4.5—5. 6. 3 1.
green-red. , \
VL ¥e, Mn. K, Li, 8, F1 “‘")23;8“! [Micaceous. Pearly. 25 3. 2.5 Iv,
L i “®
\L Li, K, 8, 1L, FL White. Micaceous. Pearly. 25 27 b
2.8, 1. Brz:s:) 'Foliated. ;Penrly. I2.5 2.6 5.
\1.K.Na,§i,I1. White. Foliated.  Pearly. 35 28 5. —4.5
\1.Ca, Xa, i, 11 I“':‘r‘fy- red.  Micaceous. Pearly. 4 2.99 145
\1,Li, Na,8i. iwl;)ii::‘;;‘m’ " Basal Greaxy. 65 245 %5 V.
.14, Na)*+ AADSi% Z“";ﬁjﬂ{l;k Prismatic. Pearly. 65 18 45 V.
‘a.Xa,Be,5i,FL Green-white. Basal. Vitreous.  3.3—4 297 3. v
I | :
3a,X1,8i*, 0% White-red. Vitreous. 45 2.45 2.5 Iv.
| '
. . g | ,
{1, %, Fe,Ca, 5, B. i";"“,’;‘imy. lvsum 6575521 2 vy,
—. ) — -
. . . Black, brown, |
£],Pe, Mn, Mg, Si,B,FL | Ereen, blue, Vitreous. 65-7.529-3% %.-5 Ul
_pink, white. ' -
Ca+Tidi Brown, green, priotic  Vitreona  5.—55 35 2.
S yellow black. T T L
_C_n «TiSL Honey-yellow. Prismatic. Vitresma [ A L] 4 I
'a,Y,Fe, &1, T4, 5i. Resincus. 65 2.9 Z. 1

IBm-bhck.







MINERALS WITHOUT METALLIC LUSTRE.

B. Fusible from 15, and non-volatile.

. IL TFidd no metal or magnetic mass with sxia.

Divisiox 6 (omcisded)



II. MINERALS WITHOl

B.—B. B. Fusible from 1—5, and non-volatile, or only partially volatile.

I1. B. B. with soda on charcoal give no metallic globule or magnetic mass.

DivisioN 68.—(Continuned.)
Not delonging to the foregoing divisions.

Specific Characters.

' Bpecies.

Ft;a:: at 5. Has two perfect cleavages “io'“'“h"‘

age surface.

I
Fuses at 4. Shows striations on one cleav- Albite.

Hardness 6. Fuse quietly.
Fuses at 3.5. Striations as above.

{Ol.igocluo.

Fuses at 3.5. Striations as above.
water in the closed tube. Phosphorescent.

Fused with soda, the silica sepamted from,
the hydrochlono solution, gives with sul-
phuno acid a precipitate (baryta).

Gives Tschermakite

.Hyalophane.

t37~ Compare Labradorite, Div. 4, p. 86.

|
|

Hardness=6.5. Fuse with' ‘Fuses to a whitc or yellow slag. 1 ZOISITE.
swelling and intumes-
cence to a sl mass i
They gelnunaig,;y with Fuses ta a black or dark-brown slag. Bp&gﬁ;‘;‘ (Pis
acids after fusion.
|Fuses quietly at 3 (grossular) to 4.5 (pyrope). G p'“':{ (in
Hfmd;?s;‘,?tg_;& (:g:r Fuses with intumescence at 3. Vﬁgvianit:

fusion. Resembles grossular (but does not gelatinize

after fusion).

Monzouite.

Includes many varieties, from the colorless
diopside and white malacolite to black

Hardness 6. Cleavable at! augite ; light-colored varieties fuse to a|

an angle of 93°. white glass, while the dark give a blackPyroxene. <
glass. The 0{; is recognized by the !
cleavage and habit of crystal, the variety|
only by experience.
Fuses to a white glass. Tremolite.
Finely fibrous with fibres easily separable. |Asbestus.
Hardness 5.5. Cleavable o e
at an angle of 124°, Fuses to a black or green glass, Actinolite.

As above under pyrorene. The species in-
cludes tremdiite, asbestus, actinolite, and
many darker colored varieties. Can be
recognized by the cleavage, but the varie-
ties can only be learned by experience.

Amphibole
(Hornblende)

Fuses at 4. Exfoliates,
and yields water in a|Occurs in thin short fibrous layers.
matrass.

Gitmbelite.

Fusesat2. Gives waterin

Fuses with intnmescence to a white glass,
a matruss,

Wilsonite
(alt'd Scap«
lite).

Fuse with swelling up, at Characterized by an intense vitreous lustre.

OBSIDIAN.

3.5—4. to a vesicular Characterized by a strong fatty lustre.

PITCHSTONE

hite gl 1.!
";hley ga::s :;o‘i';;?:s |Clnu'actemed by a mother-of-pearl lustre ;

volcanic products, and| Sometimes yields water.

PEARLSTON}

are not homogeneous.  |Characterized by a vesicular froth-like struc-

ture.

PuMicE.




T METALLIC LUSTRE.

88

Composition. cowr. | Srarer | Lastre. I Bt | gpon | Poaibiticy. OG0
- Colorless,ﬂ % I |
c1 Gie white, tlesh- . s . .
. K,A&lSi red, " gray- Right-angle. [Vitreous. 6. I2.5 2.6 !5. V.
green.
. . Colorless, ) ! '
Na,ZLSi white-gray, 93°30'. Vitreous. 6, 2.6 4. VL
dull-green. |
- YO - - ]
e Na,Ca, LS50 ;“‘;f;v flesh- g3, ‘Vitreous. 6. 2.6-2.7 35 VL
- Na, Mg, &LSi, I Gray-white, 94, Vitreous. 6. 2.64 35 VL
. K.BaALS0 [White, flesh- 'y cleavagen, Vitreous. 6. 29 5. V.
i | | '
L (xCal+ §(A1Fe)Sin R":i;*;uh 'Prismatic. |Vitreous. '6.—86.5 '3.—3.3 ;3.—3.5 IV.
- ;(:_‘_mx, pista- - i ! »
t (xCa'+ (&), Fe))Si? ;‘;g;ﬁ‘_;‘;‘l’; 2 cleavages. |Vitreous. 6.—7. 13.2—-85 3.—35 V.
_lo_w. | B o l l
OGR4 RN ‘}:ﬁ}.,"{::;cl_g?_‘ﬁ]_r‘@m' Vitreous (65753243 345 1L
-3¢0+ AL Fe)Ei .B;‘;‘l‘iz;g",’j:; Vitreous. 0.5  3.8—3.4 3. I
. Al Fe,(a,Na,8i. i(imy-g'men. | Vitreous. 6. 3. '3, Mass.
RSi. sometimes Colorless I
B ¥)iSi, R white, gaY. lgze & 93, IVitreous,  [5.5—8. 3.2—8.5 2.5-5. V
= R = (a Mg, Fe.Zn,Mn, brown, green, ' : ARl Mt A
B = Al Fe. and black. i
L (CaMg)8i White. |Bladed. IP carly, "i""'i.'s.a 2981 3.5 V.
- White. 'Fibrous. __ Silky. | [
o (CaMg Fei Green, brown. '3 T 2 Vitreons, 53 fa—82 s V.
' i
5‘: Like pyroxene, Like pyroxenewg‘,ﬁgo' and Vitreous. 5.5 2.9—8.4 25-5. V.
.2 M |
D | - T
&1, K, 50, 11 Green-white. Fibrous. |Pearly. 4.
T . ) ] :
- KLK,Mg,8i, 1. White to red. ﬁiff:ffgﬁ. Dull 3. 2.7 2, L
A )
L |.‘s"i. X1, Fe, Ca, Mg, K,| White, gray, Break with
o Ka green, yellow, sharp edges. 6. 2228 3.5—4.
& black. Conchoidal.
/
LI

—






MINERALS WITIIOUT METALLIC LUSTRE.

C. Infusible or fusible above 5.

Divimiow 1 (in part)



II. MINERALS WITH(

O.—Infusible or fusible above B.

Drvisiox 1,

a beautiful blue color,
ireatment.)

and again

First ignited B. B. then motstened with codbals

anhydrous minerals defore

(It i3 necessary to pulverize hard

a) B. B. in the closed tube give water.

General Characters. Specific Characters, Bpecies.
Insoluble in hydrochloric acid. (18 p. c. i
water.) Alunite.
Easily soluble i icacid. (47 p.
With on coal give & sul- wa’l;e s: )ub e in hydrochloric acid. (47 p. c. ALUMINITE,
phar reaction. B. B. becomes black, burns and falls £0|pipne oo
pieces.
Like aluminite. (37 p. c. water.) Felsobanyite
({2~ Compare Kalinite, Tschermigite, and
Alunogen, which are soluble in water.
. . B. B. puffs up and half melts without becom-
With soda on coal gives a glo-\ ™, Huid. = The solution gives with molyb- Plamboguz
3 date of ammonia a yellow precipitate.
With soda on coal gives a zinc Soluble in hydroshloric acid, forming & per-| o g s g
coating. fect jelly. mine.)
Contains 27 p. ¢. of water. WAVELLITE.
Contains 40 p. c. of water. Evansite.
Contains 24 p. c. of water. Peganite.
Give the phosphoric acid reac- P
tion w‘hetl,lhhmfd ‘2? aﬂgﬁe'.Contains 29 p. c. of water. Fischerite.
:l;:;_ 1n vhe closed vu (m'Contains 4 p. c. of water. Berlinite.
Mostly soluble in caustic po- . -y
tassa, also if to this solut.ioniconms 27 p. c. of water. ZepharovicLi
an excess of nitric acid is’ . s
added, and some molybdate‘conmms 0 p. c. of water. Trolleite.
of amlponia, a yellow preci-{Contains 24 p. c. of water. Sphaerite.
pitate is thrown down. Contains 23 p. c. of water. Redondite.
Contains 12 p. c. of water. Amphithalite
Contains 12 p. c. of water. Tavistockit .
Contains 21 p. c. of water. Coeruleolac:
tite.
latini . H=8. (W 2
Gep fst:x;uea perfectly. 8. (Water 42 ALLo
Has a lamellar structure. H =4. (Water| .
) . 30 p. c.) Samoite.
Soluble in hydrochloriot amlg,
ith the separation of gela- .
o e ooparation of gela” yory soft. H=1—2. (Water=16p. c.) [Halloysite.
Very soft. H = 1—2. (Water = 834 p. c.)|Collyrite.
Fused in a closed tube with bi-|~. .
sulphate of potassa gives the Gl;:: ::;?i;i: the closed tube, which reacts Ralstonite,
fluorine reaction. .
Easily soluble in caustic potassa. [Hardness = 2.5—8. Water 844 p. o GIBBSITE.
Water = 15 p. c. H =6.5. DIASPORE.
Very easily cleavable in one di-
rection. Water = 13 p. 0. H=1.—2.3. Kaolinite.
Water =15p.c. H=1. Occurs in scales. Pholerite.




[ METALLIC LUSTRE. 89
Composition. ‘ Color. Lastre. Crsgtalliza-
X+3R1S + 61 IWh.ite-g'ny. Vitreous. IIL
U5 -9H. ‘White. Dull.
tLFe,S, AL Light to olive-green. Vitreous.
\_§ ~100. White-yellow. Pearly. 'v.
. White,reddish-yellow. .
5% 8: 4 gray-groen. Resinous.
neNi Colorleas, white-yel- :
N+ AL low, . blue, Vitreous. IvV.
» White yellow, gray-
w12l with FL | Wpie Tellows €78 Pearly. Iv.
VPRI 4157, White. Vitreous,
uP 6. Deep - green, gray, Vitreous. v.
uP.sn. Grass to vlive-green. Vitreous. 1v.
AIP - 4. White-gray-red. Vitreous. Massive.
hP.en. ‘G’:eh':ia’ ellow, gray- Vitreous, (ﬁapuit
ubs, LRI, ‘Pale-green. Vitreous. Compact
N L 16H. Gray-red. [Vitreous. | o
b ALP, n Gray-yellow. Dull. Massive.
'!1‘ b _ Milk-white, ' Massive.
j:i_?\l)’? +30.  'White. Penrly. ‘Acicular,
\I'P'+ 1011, 'Milk-white to blue. Vitreous.
sio, ‘“hm biue, yellow. pripyg Meitreons Amorph.
RS (1): A White, gray, yellow. ,Resinous. ismm
Lisf White, gray, green, |
Si'+ 31, yellow. o Waxy.
Ui ooy, ‘White. Glimmering. 1. Amorph.
U.Ca Mg, F1,1Y. Colorless-white. Vitreous. L
une, White, yellow, red. = Dull. L
—_— .
kiry, White, gray, brown,| Vitreous, 1v.
blue, green. i pearly.
|
bsit e o, iwme, gray, brown. pearly. IV,
BSi 4 41y, ‘White, gray, red. [Pearly. Iv.







MINERALS WITHOUT METALLIC LUSTRE.

C. Infusible or fusible above 5.

Divisiox 1 (concluded).



O.—Infusible or fusible above B.

DIvISION 1,—(Continued.)

25
ul

»
a

n and aoain {oniled.

| @) (Continued.) B. B. in wne viosea tu

II. MINERALS

BPedﬂo Characters,

WITH

Speciea

Usually amorphous, clay-like or
chalky.
¢&~ Compare Kaolinite and

decomposed by sulphuric acid.

Tough ; can be cut into chips; imperfectly Cimolite

Unctuous. Forms a pasty mass with water.

Clay.

Pholerite, above ; Kaolinite
forms the basis of most clays.

Water =35 p. c. Falls to pieces in water.

Schrotteri

Water =25 p. c. Falls to pieces in water.

t&F" Compare Lazulits, Sran-
bergite, Pyrophyllite, Seyber-
tite, Myelin, and Agalmatolite
of the following section,
which give a little water in
the matrass.

With soda on coal give a sul-
phur reaction.

The partial nitric solution gives a reaction.
for phosphoric acid with molybdate of
ammonia.

5vanbergxt

Gives no phosphoric acid. |

Alumian.

b) B. B. in the closed tube gives no water, or but traces,

Colors the flame green when
moistened with sulphuricacid
and ignited.

B. B. swells, loses ita blue color, and falls'
into small pieces. Not acted upon by
acids. )

LAZULITE.

With soda on coal gives a zinc
coating.

'Gelatinizes perfectly with hydrochloric acid.

Willemite.

Verysoft. H=1.—-3.

The micaceous variety swells up B. B. into|
fan-like forms. Compact or slaty varietiesi
do not exfoliate. .

Pyrophyll

Unaltered B. B. ; unacted upon by acids. |Agalmatolit
Somewhat decomposed by acids. Myelin.
Like pyrophyllite. Westanite.

The folim are very elastic. Not acted upon’

Not affected by acids.

tassa and fluor spar gives a green flame

. . by sulphuric acid. |M“'°°m
Very distinctly foliated. Not so cleavable ; folia: not elastic; decom-'ss“m“n
posed by sulphuric acid.
Fused in the open tube with salt of phos-
phorus gives the fluorine reaction. ToPaz.
Fused with a mixture of bisulphate of po-|RUBELLITH

(var. tourm

(boric acid). Pyroelectric. line).
Decomposed in a bead of salt of phosphorus

leaving a skeleton of silica. Cleavable in|Andalusite

two directions at 914°.
Decomposed like the preceding. In bladed

crystals. Cleavage very perfect at 106°. Oyanite.
Commonly fibrous. Decomposed like the

preceding. FIBROLITE
Slowly but perfectly soluble in salt of phos-

phorus; very hard; H =9. Oorundum.
Slowly but perfectly soluble in salt of phos-| CHmRYs0-

phorus. H = 8.5. BERYL.

(%~ Compare Spinel, p. 96.

LT

halt.

" Leucite, the hardness of which is not above 6, and Cassilerits, which
| gives globules of tin with soda, sometimes give 'blue with nitrate of co-
Quartz gives a lighter blue, with an inclination toward red.




T METALLIC LUSTRE. 90
! Composition. Color. L}:'c:r;e“ Laustre. Pl‘l?;‘:‘ 8p. Gr. ‘C"m}f'" i
11'Si*+ 8H. White, gray, red. Dull. Soft. [2.2 Amorph.
VRS s All colors, Dull Soft. Amorph,
AI'Si + 300, ‘White-green, Resinous, ;3. 5 2.
(2,€r)Si+8H. Blue-green. 1.5 2.13
Yell ellowish '
< = ellow, or yellowish- Wi
11.6a,8a,B,5 11 o lVltreous. 5. 3.3 IIL
e White. Vitreous. 2.—3. 274 ' ¢
. i |
1P + (Mg, Fe)H. !Azure-blue. Vitreous. i5—3 3.1 ;V-
\ — |
- Colorless, brown, yel-! Vitreo-re- 5.5 ' ‘
Zo8i low, red, green. | | sinous. 13'9_4‘2 L
. ! . !
AL Sis+ 1L |White, gray. green. lMisc&:;ey(:)us wipeaﬂy. il'_2' 2.9 'IV
ALK.8i, A White, gray, grecn. (Massive,  (Dull.  2.-2 23 Maseive,
ALSL [Yellow-red, white. | Dull. 2 2.5
A1,5i, AL ‘Brick-red. | i 23 Radiated
&1,Fe,K,Na, 8,11 'G?ri; :hiw. brown, fmcmou,,, :Pearly. 2.5 28-3. 1V,
ALFeMgCaSiMl.  |Vellow-red, brown. (Folisted  Pearly. 45 &1 V.
X1 & Colorless, white, blue, ‘i . |
ﬂ_\_ 1L, 8i,FL green, ycllow.’ 'IBasaL .V itreous. 8. ’6.5 PV-
mir Iii,ﬁa,K,S(n,B,Si, Violet, rose-red. Vitreous. 7.5 3. I1L
) | | |
. ; |
A58 White, gray, ’°“°W‘i1>mmmc. lVitteous. 7.5 Is.z Iv.
. |
S Blue, white, gray, p . . Vitreous, 3.6 !
KISL em e’en, black. Prismatic. |— pearly. 5.—-17. - VL
AISL “:;g” brown, gmen’lPrismatic. iVitreous. 6,—7. 3.2 V.
xL \_er;:)tiz;n g"my, blue, all R}S::ll.»ohe- Vitreous. 9, 4 - 1L
BelAL Asparagus to emerald- Vitreous. 8.5 3.7 Iv.

green,







MINERALS WITHOUT METALLIC LUSTRE.

©. Infusible or fusible above 5.

Drvision 2

Drvision 8.



II. MINERALS WITHO!
§ General Characters. 8pecific Characters. Species.
§§ Gives much water in the closed tube. HybROZIN
§ < |Dissolve in hydrochloric acid:

o 3 § with effervescence.
g 83 Gives little or no water in the closed tube. |Smithsonita
EF
) § .
§ Gives much water in the closed tube. Calamine.
& |With hydrochloric acid form a! Pyroelectric.
35 | pertect jelly.
g Gives no water in the closed tube. Willemite.
L]
¢~ Compare Goslarite, Spha-
lerite, and Cussiterite.
Dissolves easily and quietly in hydrochloric Brucite.
acid.
o As above, gives a strong manganese reaction .
° E with borax. Pyrochroite.
. Effervesces in hot HCl; the concentrated
'§ 3 Gi::b: uch water in the closed :zlit&tion gives no precil;itate with sulphuric H;I:;?_:ée
i Hydrodolo
ite.
Effervesce in hot HCI; the concentrated —mte
8 S so!lé.tions give a precipitate with sulphuric, Predazzite.
aci _
% Pencatite.
3 Effervesce and are soluble inUsually shows a distinct rhombohedral Oalcite
3 cold dilute acid; the dilute| cleavage. .
l 5 & rolution gives no precipitate _
o] “ ,gi with sulphuric acid ; but the Is not cleavable. B. B. falls to pieces. Aragonite.
I strong solution does. 3~ Compare Strontianite, below.
E &g The concentrated solution gives with sul-
a § phuric acid a precipitate of sulphate of/Dolomite.
lime.
it .
K] E‘;e;: e;ﬁ: :z? l:re o:f:;ugl;;nz The concentrated solution gives no.precipi- M ite.
3 hydrochioric acid. tate with sulphuric acid. agnestte.
° ¥~ Compare Siderite and Ditllngite, Div. 4.
5 p- 92. Compare also the two following]
& minerals,
]
S Effervesce and dissolve in cold{Imparts to the flame a bright-red color. Stront.anite
3 dilute hydrochloric acid ; the
13 very dilute solution gives a
g s;::xpxtum with  sulphuric|Imparts to the flame a yellowish-green color. | Barytocalcis

{3~ Compare Yitrocerite, also
Tale and Muscorite, which
sometimes have an alkaline

reaction after fusion.




LUSTRE.

)
- b=t g - [Bps Mg
Compoeition, Coice. Crawx s = &= Tla
i .- a=
lZnC+2ZnH. White, gray. yelow. py o 22535
K White, grzy. green. Y irecos 3. 44 =L
:ZnC. bige, ye..ow. red. .
38i 4+ 1L White, gray. greth, prrgci- V.owoss 5. 2% Iv.
Zo'Si+ blue, y¢ Luw. = :
-l : - <. - .
& White, grav., brown. Vizreo-raais o < 4 1L
2o 8i. green, yeilow, red. Gk ’
I
-! . : ” 5 e 'IL
:MSH- iWhite, gray, green.  Basal. Pearly. 2.5 25 J
(Mn,Mg)H. {White to bronze. Bzsal Pezriy. 2.5
i i , } .
3(Mgl+ M)+ Mgl |White. Siky<nll 35 21 V.
('a Mg)C + 311 IYL;I:;;::;' gray, grevn. Vitrenas ’ 25 _
2Ca + Mg | White to gray-white. Vitreoan 5.5 2.63
CaC+ MgH. Blae-gray. Vitreous. 3. 2% i
. Colorless. white, and Bhombobe- y; o ‘_ 26 2% 1.
'Cub. of all tin*a. » dral. \_ltmmu.-_ '5,——_ Z_: 2.5 _
al. o e, e Vitreoas 25—, 29- 3. V.
. . _. ‘
I g White, gray, brown. Rhomb he- Vitreous ar P 9 ¢
Mgl + Call ete. ' iy G pearly, 45 4248 29 S
Vigl. ‘l;rttfwn’eg:::(: gmy]m:;.’:;'"""‘ Vitrems, 35 433 41 11,
i -t = i -
SrC. “1;Z:mgrny. YNOW. § i ematic.  Vitreoua }13 5 447 1Y,
— ———-— — =
BaC +Cal. l“ bite. gray. y¢ uow'll'ri;mntin, 'I"itmmul. li. 5h Y.

green,







MINERALS WITHOUT METALLIC E7STILL

C. Infusible or fasible above 5.

Divisiox 4 (in part).



II. MINERALS WITHOU

O.—Infusible or fusible above 6.

Divisiox 4.

Nearly or perfectly soludle in Aydrochloric or nitric acid, without gelatinising or leaving a considerabls residue of silica.

General Characters. Specific Characters. 8pecics.
Colors the flame carmine-red{With salt of phosphorus gives reactions for!. . .. .
(lithia). oopper and cobalt. Lithiophorit
With soda on coal easily re-|Yields little or no water in the closed tube. |Cervantite.
2330‘;1:: E:t:lnlgm":lfymo:';{: Yields 5 per cent. of water. Stibioonite.
ing. Yields 15 per cent. of water. Volgerite.
. . . ZARATITE
B. B. becomes magnetic, with borax gives
the nickel reaction. (E'_‘.ncir:ll)d'
B. B. does not become magnetic. In O. F.| DIALLOGIT!
colors the bead intensely violet (manga-| (Rhodochn
nese). site)
B. B. becomes magnetic. In the solution,
after separation of the. iron witp?mmonja, MESITITE.
Soluble in heated hydrochloric| 8ives & heavy crystalline precipitate witb,
phosphate of soda.

acid with effervescence (car-
bonic acid).

B. B. becomes magnetic ; with borax giveslgig o ite.

_ only the reactions for iron. :

Like Siderite, but after separation of the
iron by ammonia gives a heavy precipitate ANKERITE.
with oxalate of ammonia. |

Yields much water in matrass; does not;
become magnetic. Effervesces at first and. Hydrotalcite
then dissolves quietly. |

Slowly soluble in HCI ; the not too acid solu-|
tion gives with oxalic acid a white preci-
pitate which on ignition becomes brick-red
(oxide of cerium).

Parisite.

¥~ Compare Smithsonite, Div. 2, p. 91.

Heated in R. F. become black
and magnetic; quietly but
difficultly soluble in HCL

In the open tube give sulphur-
ous acid. B. B. with soda
give a sulphur reaction.

Streak yellow, usually crystalline. Waber.a_ém“
=10 per cent. ! .

Streak yellow, not crystalline.

Water =!
14} per cent. 'Limo::.iu.

'Turgite (H

Streak red. Water = 5.3 per cent. ldro-hematit«

&~ Compare Ilematite, Div. 2, page 70.

B. B. with soda deposits the brownish-red' .
coating of oxide of cadmium. 'Greenochte.

B. B. with soda on charcoal gives a coating Sphalerite
of oxide of zinc. | (Blende).

'With borax give an amethys-

On charcoal with soda gives a coating of g\ o
oxide of zinc. |

tine bead (manganese).

Gives much water in the closed tube. lwf (Boges‘

With borax give a deep blue
bead (cobalt).

With soda on platinum wire gives a man- WAD (var. A
ganese reaction. | bolite).

With salt of phosphorusin O.F.
give a yellow bead, which in
R.F. becomes deep green
(uranium).

The nitric solution gives a heavy precipitate ,. _ .
with nitrate of baryta. Ilepewe.

. .. . : jURANn\'ITE
Gives no precipitate with nitrate of baryta. (Pitch blend

Colors the flame green, and
when moistened with hydro-
chloric acid colors the flame

blue (copper).

The nitric solution gives a yellow precipitabel
with molybdate of ammonia (phosphoric, Turquois.
acid). In the closed tube much water.
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l Composition. Color, c'lﬁ::c‘:"u:' Lustre, ! l:::‘.‘ Sp. Gr. CTY;'::M
| a1, Fe,Co.CuBa, |1y piact. l Dull. !3. 32-3.6 ’
$b03,8bO0". Yellowish, | Pearly. 45  ld.08 IV,
$bO*+H. Yellow-red to white. Pearly, 4.-5.5 5.28 (Mass.
Sb0* + 511 White. [Pulverulent | Dull. | 6.6 Mass.
D o
NiC +2Nifl+ 41, Emeruld-green. ' Vitreous. i3 -8.25 2 6
I ' . | |
(" ‘Rhombohe- |Vitreous,
IMnL. Rose-red, gray, brown.l dral, pearly. i& .5--4.5 3 5 1I1.
| : | |
DNt 5 Yellowish-white,gray, Rhombohe- |Vitreous, ~ g ox
2)Mg( +Fel. brown. dral, pearly, 4.—4.5 3.35 IIL
I !
fe(", (with Man cn,\(g)‘“‘“ gray to brown- R‘:;’r';b"he' Vitreous,  '3.5--4.53.7—3.9 1IIL
. . . |
Cal + (Mg,Fe,Mn)C. |White, gray, red. iR‘:lOrf:l‘m“e' Vitreous,  3.5—4. 2.05-3.1 .
i .
. ' ! |
- |
&1, Mg, H. :thto Basal. Pearly. |2. 2.04 IIL
| )
(Ce,La,Di)C + §(C Ce)I I I ' :
CFL * .Brown-yellow. ‘Basal. Resinous. ’4‘5 |4-35 IIL
! I
! | ‘
Eq, Da‘:l):;d, brown,  ‘potic lsm,.mmm 5.—5.5 i4.3 Iv.
. Dull” to” sub- .
fe’_l{‘. ,Brown-yellow, black. l:netalhcm > .3.6—4-
) Dull to rub- s i
Fe'H. iBrown-black. metallic. | 5.5 'f.1—4.6
' | !
Cds. .Orlx;nge to honey-yel- piomatic. |Adamantine. [3.—3.5 4.9 ITL
N White, yellow—.?cc-u, Do«lcah(;-—'_ R 35— o
(Zn.Fe)S, ! brown, black. dral, Resinous, 3.5—4. 3 9—4.2 |I.
7n’;e¢:lored by manga- mangu-lo?e(n;ge-)ellow todeep- B ral. Adamantine. 4 —4.5 .68 ML
Mn H. Gray, dull-black. Dull.
"Mn,Co, 1. Black. [ Dull. 2.—2.5 3.133
¢,5,1. Yellow. { Silky. 3. :
ec. ‘Gray, brown, black. | Resinoua. 5.5 64-8. L
x | | | ;
X1,Cu, P 1T, Sky-blue to green. | Dull. 6 2.6—2.8
| i | ' |







MINERALS WITHOUT METALLIC LUSTRE.

C. Infusible or fusible above 6.

Drvisiox 4 (concluded).

Divisiox 5 (in part).



II. MINERALS WITHC

O. Infusible or fusible above 8.

DIvIsioN 4.—(Continued.)

Nearly or perfectly soluble tn AydrocAloric acid or nitric acid withous

yelutinizing or leaving a residue of silica,

General Characters. Specific Characters,

The nearly neutral solution gives a precipi-
Moistened with sulphuric acid| tate with oxalate of ammonia (oxalate of Apatite.
color the flame pale-green._lime). *
Give the phosphoric acid re- Fused with soda, the mass treated with
action when fused with mag-| water, and filtered. the residue dissolved
nesium in the closed tube.| in little HCL, the solution gives with oxalic Manazite.
The nitric solutions give a| acid a precipitate which ignited beoomes
preclpltabe with molybdate of brick red (oxide of cerium).
ammonia (phosphoric acid). After fusion becomes magnetic. Dificultly , - .
| soluble in HCL (Childrenite.
Fused with bisulphate of pot- |
assa, the mass dissolved in
dilute hydrochloric acid ang The d:ll;te amdeusg::tlon e:l)ll;)n t;ul'meru:'PO].Ycl'llse éeljc
boiled with tin, gives a deep! PAPEr Orange-y (zreonia) ' lymigni
blue solution. |

|Gives reaction for the oxide of cerium. (See. {Fln
ocerite.
With bisulphate of potassa, or __Monazite, above.)
strong sulphuric acid, give Evolves carbonic acid when treated with Bastnisite.
the reaction for hydroﬂuonc acids. | (Hamartite.
acid, Like tluocerite; but has an imperfect cl- av-
age in two di;ections. ‘Yttrocente.

DivisioN 5.

Gelatinize with hydrochloric acid or are decomposed witA the separation of silica.

a) B. B. in the closed tube give water.

With hydrochloric acid forms a perfect jelly. 1.

Fused with soda on ok 1, ' (Watir =11 per cent.) pe dind Iprm'
effervesce and yield a g]obule Decomposed without gelatinization. (Water! 'Ohrysocolla
of copper. | =20 per cent.) -

_ |As above. (Water = 16 per cent.) Cyanochalcite

Coior yellow; after separation
of the slhea., the solu(:lonI . .
gives with ammonia a sul- Water = 12} per cent. In acicular crystals. | Uranotil.

phur-yellow precipitate (B).

After separation of the silica ammonia gives|

Colll:x;d.wlnw massive ; very no precipitate, but oxalate of ammonia Xonaltite.
throws down oxalate of lime. |

The not too acid solution gives a precipitate

Gelatinize with hydrochloric| with oxalic acid which becomes brick-md|CEBITE.

acid. R on ignition.
Does not gelatinize after ignition. Thorite.
(Gives to the borax bead in bo"h'Yields much water in closed tube. B. B. Wolchonsko-

O. F. and R. F. an emerald-
green color (chromium).

With borax in O.F. gives a vio-|
let bead, becoming red-brown,
on cooling (nickel.)

blackens. | ite.

|In closed tube blackens and gives much!
water. Genthite.

In the solution, after precipitation of the
oxide of iron by ammonia, phosphate of Xylotile.
soda gives a precipitate (magnesia).

After long heating in R.F. be-
come magnetic.

‘lees only reactions for iron. ’Chloropd.

Ig3~ Compare Gi'lingite. Div. 5, p. 78. |

. . . |Gelatinizes with hydrochloric acid. Very SEPIOLITE
Moistened with cobalt solutlonb light ; absorbs water. B. B. shrivels up. (Meerschaum.

B.B. become pink

IGreasy feel ; does not adhere to the tongue. CEROLITE.
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coPricacLFl).  Oolofesm white, blue, Vitreous. 5. (3.8 {m
Ce,La, i, Tn,P. T own o7 Basal  Resinous.  [5.—5552 V.
_ l |
Al Fe,Mn, P11, T o Vitreous.  [4.5-5. 3.18 V.
l |
Fe,le,Y,2r,Ti,8b.  [Black. Sub-metallic. '5.5—6.54.8—5.1 IV.
| |
|
CeFl4+Ce’FIL. Yellow, tile-red. Weak. 4.5, 47 TIL
CeFl+2(Ce, La)l. Was-yellow. Distinct. 'Groasy. 4. leos  Iv.e
(Ca.Ce.Y)FL. White, gray, blue. j“ cak, vit- 45 345
- - H )
CasSi+ AL ‘Rhombohe- |,. ' i
Emerald-green. dral. }V:treous. K2 |8.3 {IIIL.
CuSi+2M. Blue to green. Vitreous. 2.4, :2.2 |
cuP S A Azure-blue. Dull. 45 279 |
*.(a,S5LA Lemon-yellow. Vitreous. 3.96 IV.
4CaSi+ AL White-gray. ' 2.7
1Ce,La, Di)tSi+ L C‘frl;"&;;edv clove- Resinous. 55 4.9
i |
ThSi+ 131 Orange, brown-black. Resinous. ~ 4.5—5. 3.—64 L
. I {
Tr,XLFe Mg, Si,1l.  [Blue, grass-green. ’Dnll. 2 —2.5.|2.8 :Amorph
|
K, Mg, Si, L. 'Aimm to  emerald- Resinous.  8.—4. ;2.4 iAmorph
A . | ! i
Fe. Mg, Fe,5i,1. |Wood-brovm to green. ; Asbestiform iGlimmering. ’ |2.4 Fib.
|
f e Fe)Sid + 411 ,Pi;‘f:fhi‘”f'e"“ to yel- [Earthy. 25-452 Mass.
l i } -
Mg-Sit 4 211, (White, yellow, red. l IDnlL 2.-25 L5 Mass.
g SiH. Mass,

,Green, yellow, white. iConchoidal. il!csinous.

2.—2.5 '_2.8







MINERALS WITHOUT METALLIC LUSTRE.

C. Infusible or fusible above 6.

DrvisioN 5 (concluded).

Divisioxn 6 (in part),



II. MINERALS WITH

O.—Infusible or fusible above 6.

greasy feel. Soft.

General Characters. 8pecific Characters. Speciea.
§ Serpentine ; varies in color from white to
@ black; structure massive or compact,
® fibrous and foliated. Ordinarily it is
2 green, compact, and has a dull greasy

g £ lustre. Retinalite is a variety with a res-

3 '§ .| inous lustre; porcellophite is soft, white, Serpentine.

% | & [Pecomposed by hydrochloricl gull and earthy; dowenite is hard, com-

o | acid without gelatinizing. t and apple- ; bastite is foliated

§1 2| Lo P pac PP e-green ; g 18 10

g|= ses on ignition 12-13 per| with a bronzy lustre; marmolite is thin-fo-
£ cent. water. liated and pearly ; picrolite is columnar or
A coarsely fibrous ; ch(‘y&olitc is fine fibrous.

3 f‘; Milit:iei;::' with flexible but not elasticpoy inite
§ i i & Compare pro-chlorite, ripidotite and deles- )
H g site. p. 95.

. . M. nradite
§, g ; Decomposed like the preced- Crystalline foliated. (Pyroxene
» § ﬁftz,erbil:: clgive’ :’;lb’; s little Very soft, with a soapy-feel. Neolite.

E 2 Pet:;;ll{ lustre ; perfect cleavage in one direc-|gy v nenTITS
a 5 B. B. swells up and often glows with a bright

§ light ; strongly heated becomes grayish-'Gadolinite.

§ green.

b With salt of phosphorus gives the fluorine|qy .

g § _ reaction. Chondrodit(

° . |Fusible in very thin splinters; does not
Decomposed by hydrochloric Ty P ’ hlenite.
‘é g ?:lild with the formation of a| 5¥ell Gebleni
g | Jelly. . Chrysolite
; Infusible. (olivine).
% After precipitation of the iron by ammonia,
§ gives a precipitate with oxalate of ammo-|{Monticellite.
= nia (lime). Fusibility=35. o
z; (&~ Compare ltepperite. p. T8.
£ |Decomposed by hydrochloriclPerfect cleavage in one direction. Forsterite.
8| acid with separation of gela- i3~ Com 77 > =
A A ot ke pare Monradite, Neolite, and Sey-
A tinous silica. bertite above. ’ '
[ 3 -
> Dt}i(l)lu;.posed without forming a Generally crystallizes in trapezohedrons.  |LEUCITE.
Decomposed by strong sulphuric acid (optic|Biotite.
§ »axial angle not exceeding 5°).
Not decomposed by strong sulphuric acid

§ (optic axial angle 44°-78°). Muscovite

? ; Micaceous; folim elastic. Give Liks °muscovit.e (optic axial angle 109°-|y¢, oo\ prmre
< § B lii::;sl:dot no Water in the D:cos;n)éosed by sulphuri id (optic axial

2 = 1 t [ =1.-2.5. uric acia (opuc
5S ] ° ubé, Bofs. H=1.-2.5 _angle 3°—20°.___1:nrely_kless_ than 5°). Phlogopite.
E 3 ,? Decomposed by sulphuric acid (optic charac-| MARGARO-
A S K] _ters like muscovite), DITE.

g s Like muscovite; when dccomposed by sodal

the hydrochloric solution gives a precipi-|Oellacherite.
tate with sulphuric acid (baryta).

3 Gives little water in closed tube

= (not always foliated); has aWhen foliated the foliz are not elastic. Talo.
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Hurd- |

Composition. Color, C;,m or Lustre, e, | 8p. Gr. iy
rd
.
2MgSi+ Mg, with a'y . ions Sub-resinous, Only
small amount of Fe, sﬁaéesg;;y:,n%en’ greasy, |, 959,05 found
and frequently col-| apple-green, yellow Tou:h. pearly, res- .5~—5.5' .6—2. in
ored green by iron,| red and black. inous, siky, | peeudo-
nickel or chromium. and earthy. | morphs,
s Mg’ &1),95i,12[1.  Green, gray, red. Foliated.  |Pearly. 256 2.7 11L.
1
Mg, Fe,Si, 1. Yellow. Vitreous, 6. 3.27 Granular
|
Mg AL Si AL Green. Silky. 1.—2. .77 Fibrous.
: T T Yellow eopper~re—d, . Pearly. sub= ! ‘
blg.t&,&l.f'e,m.f_{._ reddish-brown. Foliated. l_me_t't;lﬁc._ 4.—5. 3.—3.1 IV,
; 1
i".Ce, Fe, Be,Si. Blackish-green to Vitreous.  (0.5—7. 4.—4.5 [IV.
. |
oa & White, red, yellow Vitreous res- i
g, 80, FL bite, T breous res- g 5 la.z .
N(o Lk 3 i
o Me) +HELFe) g oo white. Resinous. |55 . 3. i
Mg, Fey'Si. Olive-green. Prismatic. |Vitreous. 7. 13.83—3.5 Iv.
- |
1
L Ca+ 1 Mg)*Si White-gray. Prismatic. |Vitreous. 5.—5.5 is.--s 2 .
]_ _
1%L (White-gray. Primasie,_(Vitroous, (0.7, 3,209 v.
:Si+ R1Si% White-gray. Viteous, 5.5 2.4 L
i S.\EKf + 481 Fe) 7 Groen:black. Foliated. [Splendent. (2.5 3. 1L
1’
1.Fe K,Si, 1L i“"“"“" gray, brown, . ) ted. |Pearl 25 3 IV,
T 1 green, yellow, red. ! ola Y- - o | .
Sa,Na)Si+ AIGi+ 1L “";;;‘;;. gray, Y°"°W*lroumd. Pearly. 3.5--4.5 2.99 IV.
(Mg, K)*+#X1ySi'. (Yellow, red, white. |Foliated. |Pearly. 2.5 !2.8 Iv.
] '
I
[uscovite + I1. White-gray. Foliated. |Pearly. 25 28 v.
) |
) - |
a. K. Mg, AL Si, 1L White, gray. Foliated. |l"early. 2.9
(g’ Si*+21. %‘Wh to dark- f;’:‘pﬁtd* Pearly. 1 |2.7 IV.







MINERALS WITHOUT METALLIC LUSTRE.

O©. Infusible or fusible above 6.

Drvisiox 6 (continued).



II. MINERALS WITH(
General Characters, Specific Characters. Species
B. B. whitens and fuses on edges to a gray- RIPIDOLT
yellow enamel.
Becomes black and magnetic. PROCHLO!
Micaceous, the folism usually - -
not elastio. Give much water| O°SUre With short fibrous structure; can be ¢ eeite,
in the closed tube. Decom- ecomposed by hy oric ack
posed by sulphuric acid.  |Like ripidolite. Lenchten)
Like ripidolite. Often gives reactions for
chromium. PENNINTY
Easily distinguished by its bardness. CHLORITC
With salt of phosphorus give/l®  See wolchonskoite, Div. 5, p. 93, and
an emerald-green bead. chromite, Div. 8, p. T1.
With soda on coal reduced to ; i ity i 2
metallic tin, Its high specific gravity is very noticeable. |Cassiterit
Moistened with sulphuric acid colors the s 2
flame green (boric acid). Warwickit
o . | « |Fused with bisulphate of pot- Prismatic cleavage. Rutile.
° g | 5 | ash, dissolved in hydrochloric
§ | § | acid, and boiled with tin, the.q4op
-§ z 8 3 solution becomes violet (ti- edral cleavage. OcTARED!
§ | E| tenicacid)
:3 £ £ ,59 No cleavage. BROOKIT:
E § § L] {®™ Compare perofskite. Div. 8, p. 71.
T oy . : _|The residue from the solution in water dis-
8 < § § F:s:];i mllvn:éﬂg:ﬁ&fr Pg_ solved in HCI colors turmeric paper orange-| Eschymnit«
g § beréd. and the filtrate acidi.|_YCUOW (zirconia). B. B. swells up.
S | fied with HCI, a precipitate i
& § Y | isobtained which, boiled with B. B. unchanged. Buxenite.
w | tin, becomes first blue and .
| § then green (columbic acid), |Found in octahedrons. Pyrochlor
° Gives water in the matrass./Mostly soluble in caustic potassa; hydrated
With soda fuses with effer-| silica is precipitated by addition of suffi-/OPAL.
vescence to a clear glass, cient chloride of ammonium.
Moistened with sulphuric acid Difficultly soluble in phosphorus salt to a Xenotim
colors the flame light-green. | colorless glass. enotime.
W_'i,h hosph galt gives in{Decomposed by nitric acid, leaving a yellow
i), Fp :3133;; beadg,l:vhich residue of tungstic acid: which is soluble| Scheelite
in R. F., or better with tin| in alkalies.
on charcoal, becomes blue
Soluble in alkahea' not affected by nitric .
(when cold). acid ; in soft eart! y .| Tungstite.
Ax;n:rgl)hous.t llGbieweu much water Soluble in hydrochloric acid B it
¥~ Compare Kaolinite. Div. 1., p. 89.
Cleavable in two directions at 93°; the clea-
vage surfaces show pearly lustre. ERsTATD
Cleavable. Cleavable in two directions, 1244°; fainter| ANTHOPT
__lustre than enstatite LITE.
Much like enstatite; on charcoal yields a| Hypex
magnetic mass, THENT
{3~ Compare Childrenite, Div.4, p. 03 and
6 and Hyalop}aam, Div. 6,
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l Composition. Color. Cheavage or Lustre, Hard | spor. | ol
1. . |
Mg* AL Sit, A Shades of green to|Foliated. [Splendent, (2.5  [2.7 V.
R red. pearly.
1, N
;i l‘f‘g’“’)'* HDSE +16, oon-black. Foliated. [Pearly. 1.—2. [27—29 |IL -
Mg, XL Fe Si, A, Dark olive-green. 1.—2.5 [2.89
T (OMg*+3ADSi+13H. |White. Basal. Pearly. 2.5  [2.65 I
i
s Mg X1),05i,12H.  |Green, gray, red. Basal. Pearly. 2.5 2.7 IIL
(iFe M+ RSP +lG 0 reen, black. [Basal  |Vitreous,  [5.—6. [3.5—8.6 V.?
i i
Sn. Brown-black. Adamantine g7 l64—7.1 1L
Mg Fe,1i,B. Brown-black. Prismatic. |Sub-metallic. [3.—4. (3.4 v.?
Ti. Red, brown, yelloW, prigmatic. (Adamantine. (6.5 142 IIL
™ Blue, brows, red, \ootahedral. |Adamsntine. [5.5  [5.8—3.9 |IL
Ti Yellow, xed, brown, Adamantine. [5.5—8. 3.9—4.2 |V.
7r,Fe,Ce,Y,Cb,Ti  [Black. Resinous. 5.—6. [5.1 Iv.
Y,UG,Ce,Ti,Cb,Ta. Brown-black. Brilliant. 6.5 |49 Iv.
Ca,Ce,Cb. Brown-red. Vitreous. 55 [4.8
= Colorless, milk-white, e
Sifl. vellow, brown, red. Vitreous. 6.—6.5 [2.—2.3 |Amorph.
(Y,CeyP. Yellow, brown, red. |Prismatic. |Resinous. 4.—5. 4.5 IL
Calt. White, brown, yellow, Vitreous.  |4.5—5. |6. 1L

4 .
W, Yellow. Dull
1
(X1, Fe)H1™. White, brown, red. Dull. 2.65
: I
|81, Whito, €T €7°M: prigmatio. |Metalloidal 0.5 82 [IV.
FeSi+8MgSi Brown, gray, green. ‘Prismatic. Silky. 5.5 3.2 V.
(Mg, Fe)Si. Brown, green, black. 1'93°. Metalloidal. |5.—6. i3.39 Iv.







MINERALS WITHOUT METALLIC LUSTRE.

C. Infusible or fusible above 6.

Drvisiox 6 (concluded),

-
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MINERAL COAL.



II. MINERALS WITE

O.~—Infusible or Fusible above 8.

Drvisiox 8.—(Continued.)
1 Not belonging to the foregotng divisions.

Hardness 7 or more than 7.

"7 General Characters.

Specific Characters.

3~ Compare Cassiterite, Rutile,

and opal which are very near 7 in hardness,

Pulverized and fused with bo-
rax, colors the bead emerald-
green (Chromium).

B. B. becomes blackish green, but cools to
original color.

Ouvarov:
(chrome {
net).

B. B., infusible and unaltered.
‘With soda fuses, with effer-
vescence to a clear glass
(when pure).

(Rock crystal, rose quartz amethyst, chaloe-
dony, agate, asper, flint, eto., are varieties
of quartz. jymite is a hexagonal form
of silica with a.specnﬁcgnvxty of 2.2—2.8.

H = 7. Do not fuse to a clear

Difficultly fusible. F. = 5—6.5.

IOLITE.

glass with soda.

Infusible.

Staurolite,

B. B. becomes colorless. Fused with soda,
and the fusion dissolved in hydrochloric|
acid, the dilute acid solution colors turme-
ric paper orange-yellow (zirconia).

ZIRCON.

B. B. becomes milk white. Hexagonal prisms,
with basal cleavage.

Beryl.

B. B. becomes milk white. Monoclinic
prisms, with right-angled cleavage.

Euclase.

B. B. unchanged. Hexagonal prisms and
pyramids, no basal cleavage.

Phenacite.

H =8  Gives with salt of
hosphorus in open tube the
uorine reaction.

B. B. the yellow varieties become rose-red,
crystallizes in prisms with perfect basal
cleavage.

TOPAZ.

H = 7.5—8. Occurs generally
in octahedrons.

With soda and borax on charcoal gives a
coating of oxide of zino.

GAHNITE (!
spinel).

Soluble when pulverized in a bead of salt of
phosphorus.

H = 10.

Characterized by ite hardness.

Diamond.

MINERA

™ The native hydrocarbons are, for the most part, mixtures more analogous to rocks than true mineral species, and no attempt |

General Characters.

Specific Characters.

Variety.

Does not take fire in a lamp
. flame.

In closed tube yields a little water, and very|
little tarry product.

B. B. burns with a feeble flame without
fusing, leaving little ash; boiled with
potash solution gives to it 10 color..

Anthracit

Take fire in & lamp flame, and
burn witha deep yellow flame,
gvmgan empyreumatw odor

B. in glass tube give drops
of tar or oil. Air dried Brown
coad (Lignite) contains fre-
quently from 15 to 20 p. c.,or

Imparts but little color to potash solution.
The powder boiled with ether imparts to,
it scarcely any color.

Bituminos

Imparts little color to potash solution. The
powder boiled with ether imparts to it
awine or brown-red color; very fusi-
ble ; flows in the flame of a candle like wax.

Asphaltan

more of water, which it loses
when dried at 110° C.

Imparts to potash solution a brown color.

Brown oo
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Composition. Color. Cleavage or |  Losre. | Hard | gp gr. lc"u":,‘:"'
|
(# Ca’. + 3©r)18i0 Emerald Green. Vitreous. (7.5 8.5 L
t
N Colorless, white, . l
Si. smoky, yellow, red,/Conchoidal. |Vitreous. |7. 2.6 IIL
and all oolors. i
2 (Mg,Fe)8i+ X1*Si*  |Blue. |Vitreous. (7. 2.6 IV.
Vi Te- !
ALFo,fe,Mg,5i  [Brown, red, black. Vigeousrele, 36 IV.
5B Colorless, red-gray + :
7S brown. ’ Adamantine 7.5 4.4—4.6 ,;II.
. Colorless, pink, blue- : .
(IBed+ $E1Si® vellow and green. Vitreous. (7.5--8. 2.6—2.7 IIL
(3A%+ §Be’+2A1)SL M:vnll:itt:m-gman-blne, Prismatic. 'Vitreous. 7. 3.1 V.
Bedi Colorless, yellow-red.|Conchoidal. |Vitreous. |7.5—8. |3. III
& Colorless, white, yel- 3 1
A1 5, FL Tow, bla e, pink. Basal. Vitreous. |8. 3.5 ’IV.
| . :
'(Zn,l(g),(ili’e). Green, black, Conchoidal.  |Vitreous. [7.5.—8.{4.4—4.9 |I.
|
B Red, blue, green, yel- . .
ng. Fe),(A1Fe). low, brown and black. ICouchoxdaL Vitreous. (8. 3.5—4.1 L
C. Colorless to black.  |Octahedral. |Adamantine,10. 35—36 L
COAL.
wle to classify them here, other than to state a few facts in regard to some varicties of mineral-coal, as given by Von Kobell.
Composition. Color. I Streak. Lustre, Hard- l 8p. Gr. |
| ne«a, . i
! i
C =80—904 p. o. Black. Black. Brilliant. (2.—2.5 1.3—1.7
| l |
50—83 p. c. residue on . : ;
ignition. Black., .Black. Resinous. . ‘1.2_1. 3
ﬁ !
C,H,0. Brown-black. ‘Brown, Resinous. ll.—1.8
Very variable. Brown-black. Brown, D“non’:‘m i
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Abichite = Clinoclasite...............
Acanthite.........ccoiiviinniinnnnas
Acmite.........coe0nunnn cocsseareace
Adamite...... vasensens
Aegyrine = n. Pyroxene...............
Agalmatolite. ... coeveiiencicrinnannns
Agate=Quarts. .......co00iiinnnienns
Albite........ciiviiiiiiiiiiiieiinane
Algodonite.......cocveeiiiiieiiannaes
Allanite........coiveunneennieneess09,
Allochroite......ocoeveeeene covennns
Alloclasite. . .....oovvvieieneionnnncnns
Allophane..........ccoiiviviiieinenns
Almandite, Almandine garnet..........
Altaite .........
Alumian. ..............
Aluminite........ceec00eene..

Alunogen........cco0ceviennccseneccns
Amblygonite.........cceiiiiiniiinns
Amethyst—Qnam

Ammomnslum
Amphibole.......ieiiieiiieiiiieiaies
Amphithalite. . . ..
Analcime, Analcite. . ...oveeeivvniuinns
Anatase = Octahedrite..........cv....
Andalusite. .
Anglesite. .
Anhydrite..........J . coceeiinnen
Ankerite.....c.ccii0eeee

Annabergite.
Anorthite. ......oiveiieiienieceinnnns
Anthophyllite..........
Anthracite, . ...
Antigorite — Serpentine. .
Antimonial Copper........cecveeiunnns
Antimonial Silver........ Ceeiieees
Antimonnickel = Brelthanpt.lte.. ceviane
ADtimony ......ccicieiviiienieinanne
Anumouy-glsnoe Stibnite
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Antimony-bloom = Kermesite.........
Antozonite = Fluorite................
Apatite .......ciiiiiienincieneela 82,
Aphthitalite. .......ccoieeiiiiiiaennn.
Apophyllite........coceiivie tiiiennn.
Aqua-marine = Beryl......c....00..00
Ariioxene = Dechenite.................
Aragonite. .....ceeeiiiicieetiianiions
Arfvedsonite........cco0evvinncncccses
Argontite........ cceiiiiiiiiiiiannnn
Arkansite = Brookite.............000.
Arksutite.......coc00.00
Arquerite. .....ociiiecectiiiiioenans
ATBEIC. . cvvvvveeeccrnsorosncvenannnn
Arseniosiderite. .......ceiiiiieiinan
Arsenolite.
Amenomelano_anrenoymte..........
Arsenopyrite = Mispickel..............
Arsenous acid .. ...vvieiniiiinoiaanns
Asbestus. .. .ooiieriiieriniinniinennes
Asbolan, Asbolite..........ccoeeeceane
Asperolite = Chrysocolla..............
Asphaltum. ... ...coiivveeiiiiinnenens
Astrophyllite........o cooviiiieianens
Atacamite. ....oovieeccnnonconnn
Atlasite. .. ..ccociiecanniiianes crees
Augite = Pyroxene........ccooceevenns
Aurichalcite.........ooieiiieiianinsans
Automolite = Gahnite................
Autunite.....eeoceeieeeiiiiiicianens
AZUKite. .. oivvveeocenenenscnscannanns

Babingtonite......c.ccoeieiinnianeienn
Barmbhardtite.......
Barsowite ........co00iiiniiiiiininen
Barytocalcite......o..00. 0.
Bastniisite...........00.0.
Bastite = Serpentine.................
Batrachite = Monticellite.............
Bauxite = Beauxite.......c...o00 0.
Bayldonite . . .
Beauxite ... ...ciiiiieiiocanicsncanns
Belonite = Aikinite .......cco00uunnn
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Berzelianite, Berzelme... ...... P
Beyrichite ....covvieen cinieennn. ceee
Bindheimite ..ovvuiennnicennannnn.

Binnite. ..... ceceseennn eecessccsns .e
Biotite . ....... cscscesnces cecreeianna
Bismuth. ....... teceesccscsncancanns .

Bismauth-glance............ crsvens
Bismuthinite ...cooveeeereneen cunnnn
Bismutite. ..... tescsssssesreserasscns
Black CopperOre .......ccccvenenn...
Black Jack = Blende...... eeeteaanas
BlackLea«l Graphite..........c....
Blende ........... ceeeen ceeeaes
Bloedite......eo.viiiiiiiiennann. cenne
Blue \Lllachxte Aznnte cesescanseee
Blue Vitriol..... veeee K
Bog-Iron Ore = leomte J .

Bog.\hn,;anvse ............. ........0
Boltonite =Forsterite................
Boracite...........

Borax..... ieeceseceeraststseanaan .o
Boric Acid............ Creeeeeans

cesecssecsssesnse cescacen

Borocalcite, Boronatrocalcite = Clexite
Botryogen...........

Boulangerite. ......cooeviieiieiaannn
Boummuw ...... eetesaeeans
Bowemt.e_berpent.me...........
Braunite. ..... seeseceseccesesanssenns
Breithauptite .........0 ceel..... oo
Brewsterite. coveeeeeieeecionniaonnans

Brochantite.......cocoeenen.. ceeeenn
Bromyrite ...........
Brongniartine = Glzmbcnte. ..
brongniardite. ............. e e
Bronzite = Hypersthene teessveanes
Brookite.......... eoestsansenn
Brown Coal .
Brown Hemallte . cecenseses
Brown Spar = Dolomite. eeeeesas
Brucite ......
Brushite ........
Buratite = Aurichalcite...............
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Cacoxenite.....e.coen.
Calamine.......... veee 90,
Calcarcous Sp:u'—-Calcue.......... .
Calcite .. iiveneereenacnenncenns
Cn!um(l....  eeieanens
Carpholite . .oovevvenienienens...
Canerinite .. coiiveiiiienitieiieriaaas
Caurphosiderite.....oooeivieiiinnne.
Caurrollite . ...
Cl.:ﬂ.lxite.................. cececcsns
Casviterite .

Custor = Petalite. .
Catapleiite cesssceranssssssanns
Celestine, Celestiteé. .ooooerveee vinan..
Cerargyrite.. ..covveiienieecsoccanens
Cerasine = Phosgenite...........
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¢ Cervantite.......... cereeen
' Chabazite.........

Cerolite ..vuunneeenrnnnnennencaannns
Cerussite ... vove.teveeenenennnensns

Chalcanthite.... ....
Chalcedony = Quartz
Chulcocite
Chalcodite eee
Chalcolite = Torbermte. eeeeetieaena
Chalcomorphite . . ... ceren PR O
Chalcophyliite. .. coovviieiainiennaiann
Chalcopyrite............. ceven
Chalcostibite. .. ...... ecsccsone
Chathamite
Chenevixite ..... teesiecscncans
Chiastolite = Andaluclt,e ceccevcscciane
Childrenite.............. .
Chiolite .....ciniiiriiieinnnnnnnnn
Chu’umte .................

creasse ese e

Chlorite . .... csossesese
Chloritoid ......... eeceactcrrtrsenses
Chloropal
Chodneffite . .......
Chonicrite. ......

Chondrarsenite
Chondrodite. ...ooovivuiiiveinnnnaann.
Chrome-Gammet ........co0ivevnnnnn..
Chromiciron ....ooiiiiennnnnnnnnnn. .
Chromite ......ovieiitinienianennnnn.
Chrysoberyl....c.ooviviiennininennan.
Chrysocolla. ...... .
Carysolite. . . e
Chrysotile = Serpentine..... .........
Cimolite.......c.ccevn...
Cinnabar.......

ctcssscssccesn

seececsessesscne

eettesccecs o

R R R )

seertece e oo

et 67,

D A N

Clinoclasite . ............... cecessnne :
Clintonite == Seybertite .............. .

Cobalt-bloom................. ereeen
Cobaltite. Cobalt-glance ...............
Cobaltspeiss = Smaltite...............
Coeruleolactite. ....... Cereenan .
Collyrite.............
Columbite.. ..o.ovvviieiiii i ..
Comptonite = Tho:msonite
Conichalcite ....ccvevnn..
Cookeite....ooooveevenveennns
Copiapite.
Copper..... seassnceses [ cesecass
anttmomnl ..... ceesereatennaa .
black = Melaconite............
blue = Azarite........ .o
gray = Chaleocite .............
green = Mulachite....... “ even
indigo = Covellite .............
purple = Bomite. .
red=Cuprite......cco00uunn. ..
variegnted=Bormite .......
vitreous = Chalcocite. .

tesecescssen

ce e

ececee e
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Copper-froth. ......coovvieiiennennns.
Copper-glanoce. .. .
Copper-mica = Chaloophylllte coees
Copper-nickol,..oooveiiiiiei. ..
Copper-pyrites . .
Copperas........ ..
Coquimbite. . ...covieveiiienenincians
Co:dierite = Iolite ........
Cornwallite.............

Corundum., ...
Corynite
Cotunnite..........

Covellite .......0c...
Crednerite...............
Crocidolite ........
Crocote, Crocoisite.. ....
Cronstedite.....ccoevvne..
Crookesite.
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teceseencsessnssssane
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cee Senas
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tecescsescteresetona eee
“eesseses secsecteieccncncee
- seecssssessene

eese csseecicenase

cesssecssne

ceseesescsssssssessscessne

Crvophylhte .. .. .
Cubanite .

sececsene
esecesseccenan

e caccene

anroplumbxw n.Galemte..........
Cyanite. . ...c.ccveoecencens
Cyanoch;lcite........................

Danalite ....cccivvveereniceiecconans
Danburite ...c.cvieeereeceececacenns
Datolite ......... teeesesesscanssannans
Davyn = Nephilite.,c..coovvveennnns
D«chemte.................
l)eac!oiziw...........
Deweylite
Diadochite. ...... veesens
Diallaze = Pyroxene . ...
Diallogite.....cooeveennnnnn
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PRt B

cece
ceccssevssccavsne
ceecescsssess.cnece Gescevsne

R R

cceessscecs

Diamond .....c..ve0e vnn. cesececoces
Dianite = Columbite.........cecoutne

Diaspore.... ..... cesrue teseesesasese
chhroxte = Jolite,......

sessces cosvas

Seybertlte.....
Disthene = Cya.mm
Dolomite........ .....
Domeykite. .
Dudleyite. .....
DUfrenite ....oceeeeecenennenneeannes
Dufrenoysite. cocovveeeeeieeeeceeenes
Durangite .
Dyscrusite . ............ teese sesenene
Dyaluite = Galenite .........ocveuenen

Earthy Cobalt =
l'}lmgtomtc R
Ehlite = Pneudomnlaclube......
Ekmannite, .
Bheolite........
Electric Calamine, . ...89,
Embolite. .......c.iiviiineernenneeanss
Emerald = Beryl...ccoocvevvnnnnn..s
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91
64
72

96« Gold ....cieiineiiiniiiiieiiinia,

Emerald-Nickel = Zaratite .. .........
Emplectite. ......

Emerylite = Margarite. ... ...

cecsen

tens 8T,

Epidote ...coviiniiiniininineennnn.
Epigenite......
Epsomite — Epsom Salt .
Erinite .

D R

Erythnte eeeiesecaeneeaans
Euchroite. ......... Ceteseeeiaitaieann

Eucairite ............ sesecscssesvas .
Eucolite = Eudmlybe.................
Euclase .
Ludm]yte..............
Eulytite . ....covieiiiiiiiiiieennnen,
Euphyllite . .........
Enralite ........ .......

Eusynchite = Dechenite ...........73,
Euxenie......... ..... eveacacocsae

Evansite .......ccoevvvvienncnnnannnn.

Fahlerz. = Tetrahedrite...............
Fauserite......occvvveeennnennns
Fayalite ............ veeees..09,
Fcldspu, common = Orthoclase
potash = Orthoclase. .
soda = Albite .
Felsobanyite ..

R

ceeee

seeee

Ferberite = Wolfram .
Fergusonite.........cco00vveeeenenns .
Fibroferrite............ ceevannes

Fibrolite . .....
Fircherite . . ...ovvevrennnnnnnnnnnnne.
Flint =Quartz.......ooo0veenee vonnn
Fluocerite . ....o.cvvvn verunnnnennans
Fluorite, Fluor-spar............c.....
Forsterite. .......c0veennnn. .
Franklinite . .
Freibergite ... .oovieviernrennneennnnn
Freieslebenite. .....ooveveinnncennnns.
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© Gadolinite ...... ..evirneennriennn.s

Gahnite .........iivierinenanracnsn,
Galena, Galenite

seseecesec et an

Garnet........ ceeie.ee.. T8, 8T, HB,
Gnyhm-site‘..........................
Genrksutite. .o vvevineiniereeneinnens

Gehlenite.....o.veenn..
Genthite. ... ..
Grocronite, ,
Gers Jortlite.
Giblsite,
Gillingite. . cevseseses
Gmmondm' ............
Glaserite = Aphthltnllw ceseesies aoes
Glauberite. . .....oovvvenvennnnen.s
Glauber-galt, ....... eretesseiseiien
Glaucodote, .. .. T
Glaucolite = Wemerite. ...........
Glauconite. ......
Glaucopyrite.............
Gothite, ....oua.
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Goslarite. ....ociiieiiiieiitiinnnane
Grammatite = Tremolite..............
Graphite..... teetetiesnssaane
Green earth, Green-sand...............
—— Lead ore = Pyromorphite........
Greenockite. .
Grossularite......ooiieiiiieieieianans
Griinauite. ..... ceevesessasasescsscanne
Guadalcazarite ...
Guarinite. .
Gumbehte.
Gymmt,e_Deweyht.e................
Gypsum. ...oevveieiencnncenss

PR TR
ceee

R R I RS

R R LRI I I PP

cesessce

Halite........coovuenns
Halloysite.. ..
Hamartite . .
Harmotome..........c.....
Hauerite. ....o.ccovviiienininnnnennes
Hausmannite. ............
Hauynite...........
Heavy-Spar = Barite.................
Hebetine = Willemite...........
Hebronite. Ceseesttetsecenes
Hedenbergite = Pyroxene cessececnnas
Hedyphane........covoviiiinnnennnnnns
Helvite.............................

Hematite.......... ceerecesnees. .09, 70
Hematite brown = Limonite........70,
Hessite. . ..... eesesecsansess
Het.erogemte S P
Heulandite. .
Homichline = Bnmhnrdt:be
Hornblende.
Horn-silver = Cerargyrite. .....
Hortonolite ...........c.0v0eee....69,
Howlite,......oooovvnnnn.
Huascolite = n. Galenite.... ...
Hiibnerite. .
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Humboldtilite. . ... .. . ... enesnns
Hureaulite.......cociieeniinee vonnns

Hyalite = Opal......... e
Hyalophane. . ... cetesesnsaaes crecveee
Hyalosiderite = n. Chrysolite,..
Hyacinth = Zircon........
Hydrargillite = Gibbsite ..
Hydroboracite.... .....
Hydrodolomite. ........c.coueeiuunnnn.s
Hydrohematite...........ocv0nn.t. 70,
Hydromagnesite....................

Hydromngnocalcxte = Hydrodolomlte ..
Hydrotalcite.....
Hydrozincite. ...........
Hypersthene.........
Hypostilbite...........
Hystatite = Titanic Iron. . .

cereecan

tsecesssnane

seeeccccaanse

Idocrase..........

sevseccevse

Ilmenite = Tltamc Iron ceeee
Ilvaite..... sesecsensases .
Iodite, Iodyrite. .........
lolitc. .
Iridosmine..........covuennnn
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Iron Carbonate = Siderite..........76,
—— lime-garmet.......ccoveiiiennnn. .
—— MAgNetiC. .. iiiiiirienaeecaaeaon
—— olivine = Fayalite...............
—— pyrites. ..... tiiieiiieiietoinnnn
—— specular = Hematite.............
Iserine = Titanio-iron.................
Isoclasite.....ocovvieiinnarincanannnns
Ittnerite.....coovvvevieneeninnnnn
Ivaarite = Schorlomite................
Jacobsite.......c.iiiuinennaan
Jalpaite. . oo
Jamesonite........cccviiieciieaaa..
Jarofite.....ccoiireiiiiieniiieneacaas
Jasper = Quartz.
Jefferisite. ......ccoviiiiiiniieann..
Jeifersomte Pyroxene...............

cessesesecscerans

PR R R R

JOBEIte. .. iieieieiiiiiiieiiie e

Kiéminererite = Penninite.......... 94,
Kainite = Picromerite........ .......
Kalaite = Turquois.............
Kalinite.......ooovvieennann ctececnace
Kaolinite........ooviiieeerenannn.
Keilhauite . ...oovvveveieiieanennan. ..
Keramohalite = Alunogen.............
Kermesite.........coov0vvieeneeennann.
Kerolite = Cerolite. .........
Kerrite......ocoevvenciiiiineennnnn. ..
Kibdelophane = Titanic iron..........
Kieserite........cooee veveeeennnna.
Kilbrickenite == Geocronite. ... ...

Kjerulfine... .. ..“
Kiaprotholite = n. Wltttchemte ..... cen

Klipsteinite........ooovviiiiii o,
Knebelite....... covviiieinnnnnin
Kobellite. teteesssrtssnene .
Kot,schubext-—Rnpxdohbe............. .
Kraurite = Dufrenite.................
Kroittonite = Gahnite. .......

caceecens
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Labradorite.........c.oevveiaiaiiL ..
Lanarkite......ccoevevennnnn..
Langite..............
Lapis-lazuli..... P,
Laumontite......... ......

Lazulite.........
Lead...........c.u..
—black == Gmphme
—— blue = Galenite. . ... etretec e
—— chromate. .... cetesicctstnnte e oo

—g'reen—-Pyromorphim......... .-
——red
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—— white = Cerussite..... ceseccc e e
—— yellow = Wulfenite........... . .
Leadhillite .......coc000ieeveiis oo oL
Lehrbachite. .........coooeeneen ol ..
Lepidocrocite = Gothite. ... cecters o oo
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Lepidolite.........................78,
Lepidomelane .........co0v0evunee..
Leuchteuberglte
Leucite. . .

Lencopynte
Leucophane, Leucophnnlbe
Libethenite. . . ceee
Lievrite = Ilvut«e

Linnaeite...... .ovveiiiciiiiianaanns
Llpante_Fluoriw e ceeven seseces
Liroconite................
Lithia mica — Lepldohte
thhlophonm......... .......
Loeweite ....oovviiianirniinninnnnns
Lhneburmte ...............
Lunnite = Pseudomalachnbe

Maconite.....oocoveiuiiniiiiiianniann
Magnesia native = Brucite.
Magnesioferrite . ......co0vveenveinnn
Mognesite .....o.cevieeeieienanan.
Magnetite, Magnetic iron....... 69
Mn.gm-cic-pyrites......................
Magnoferrite ....oeveveee venennnnn. .
Malachite. ..........oove ioiveeeiins
Malacolite = Pyroxene e,
Maldonite ...........0iiiiinnn. v
Munganepidote = Piedmontite Ceeeeans
Manganese-gamet .........coiiuenians
Manganese-spar.............. e eiiee
8. v iiriiiiiiiiieii i
Marcasite. .....cooviiininernennn.s
Margarite ....oovvennnnnnnnnnnn....87,
Margarodite............... ceteeesiaan
Marmatite = Blende................ .
Marmolite = So.rpcntme N
Mascagnite. .
Hasomw—Chlontoxd. fee eeeaeee
Matlockite...........
Meerschaum = Sepiolite ...........80,
Megabasite..........couuntn
Meionite............. cessenee
Melaconite ......cviiiiiiiiie veinan,
Melanterite.......coovveennnnennanene
Melilite. ....coove cveiinennnnnennrcan
Menaccanite .........c.ovviiiinenenns
Mendipite ...o.iiiiiieiiiinneiiiannns
Meneghinite..........cooovviiiinann.
Mercury............
Mesitine-spar = Mesltlte
Mesolite. . .. seeesecissraseenns
)letacmnnbmm teee secssescssionaes
Meunw—Serpentme...............
Metrosommite .......ccovvvneeeennnn. .
Miargyrite.....oovuiiiiiinniiniinns
Mica, common = Muscovite... ....90,
iron = Lepidomelane............
lithia Lepidolite ..... ... e 78,
magneswn = Phlogopite.........
magnesia-iron = Biotite.........
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Millerite....ooovieeneieenenncnssenan
MiloSChite. . ..o vrrinsrnnnnes nes 90
Mimetite, Mxmetemte................. 3
Minium,
Mirabilite .
Mispickel . . ..
\lolvhdnwoflend eerettteieereaea.. 13
Molybdenite. . ....... P 4 |
Molybdite . .. ... P
Monazite ......cecceieeniainant o 93
Mouradite. ......... PR 'L *
Monrolite = Fibrolite................ 90
Montebrasite = Hebronite............. 83
Monticellite. ... .....ooveieviiaceeee.. 94
Monzonite........ccovvreenrnscnsce..s 88
Mordenite .......ccooveiienencencoene. 8B
Morenosite.. .. ... .ieiieeiiennn 76
Moroxite = Apatite.. 82 93
Mosandrit,e........................... &6
Miillerite. ... ..ovevinnreeennnnnns .... 668
Muscovite. . ...oeuvnrerennceces....90, 94
Myargyrite.. verrrerecaeenee.. 67
Myeline...... feeenecncssieraoes 90
' Myson.ne—n.Malachnte............. %

Nadorite....... P 4
Nagyagite.....co.oevenen.. ter ceee... 68
Nacrite = Kaolinite. ... .. R - .
Nantokite .............. T |
Nasturane = Pltchblende .........71, 02
Natrolite .............. PN .. 83
Natron.....ooovveieeennnrinneeeness. 80
Naumannite . . . ...... P ceee eeean 65
\em'\ln,e_Bruclte................. 91
Neolite....vovveeerninens cacee aeeees 94
Nephelite........ooooovunn.. ceee.. B4
Nephrite = compact Tremol\t.e .. 88
Newjanskite = Iridoemme............. 71
Niccolite... ..ovveereeiieennannnn ceee 65
Nickel antimonial — Ulimannite. . ..... 67
arsenical = Niccolite........... 65
emerald = Zaratite............ 93
Nickel-glance ................ cieees. 65
Nickel-gymnite = Genthite .......... . 03
Nickel-vitriol = Morenosite ......... .. 76
\1ckelme-—\nu,ohte..._............. 65
Nickel-ochre = Annabergite .... ..... 38
\u)hlte = Lolmnblt,e ...... eereanes e 7

Nontronite = Chloropa.l. JO N .03
Nosite...oovviiiiinianes PR - |
Nuttalite = bcapohte ..... veiee.. 86

Obsidian. . ... eveseses cireeriieeacaee. B8
Octahedrite. . . .... Ceeeeeeeeineaees e
Ocllacherite .............. . 94
Okenite . ..., ceeees e e .8
Oligoclase....... heeeaes .
Olivenite............ |
Olivine = Chrysolite............c..... 94
Opal ..o o0 ou. J P i
Ophite = Serpentine....... e . 04
. Orangite = Thorite ,........c.e00v.. 98
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Orpiment... ....c.covivinineeeennn.. 12
Orthitc = Allanite............... .69, 78
Orthoclase. ........... eeeeiaeaeaeas . 88
Ouvarovite .. ... erreereeaas veee. 96
Pachnolite. ... 81
Palagonite i
Palladium...... [ .. 64
Puarisite . ..........0c0iiaal.. 02
Pastreite n. Jarosite. ................. 76
Pearlstone.........ccooveeeennnnn cees 88
Pearl-spar = Dolomite................ 91
Pectolite...... 85
Peganite... . 89
Pencatite............. .. ereae R ) |
Pennine, Penmmte ...... ereneaann 94, 95
Pentlandite. . PP -]
Percyhbe... ................ ver eees B
Peridote = Chrysohte ...... cereeee.. 94
Perofskite.. ... Ceeereeneas 4 |
Petaht.e.............. .............. 87
6
66
81
k(}
90
Phillipsite . ..coovieeiiiineieneeeae. 83
Phlogopite .....cocovieieiniieninnn. . 94
Phonicite, Phoemoochronte e T8
Pholerite......... ...ceeinnn. 89
Phosgenite .. ..... e 3
Phosphochromite .......... ........ 74
Phosphorite = Apatite..... e 82, 93
Phosphorochalcite = Pseudomalachite. 75
Picrolite = Serpentine............ . 94
PiCrOmerite. .. ....oo.ovnnoonvennnoon, 80
Piedmontite.............cooonu.. e.. 87
Picrophyll n. Pyroxene ............... 88
Picrosmine n. Pyroxene............. .. 88
Pissophanite, Pissophane....... ceeees . 89
Pistacite.......... ....... Ceececeens . 88
Pitchblende...........ooou ol T, 02
Pitchstone.......... PP ... 88
Pitticite....cooiviiiiiiiiiiiiiiien.. 6
Plagionite .. ............. eerreneee.. 66
Platinum,....coveneen ... e .. 64
Plattnerite . .... e P, .. 69
Pleonaste = Spinel ................. . 96
Plumbogummite ... ... eteeeiieaa .. 89
Polianite = Pyrolusite................ 70
Polybasite......... P ]
Polycrase....coeveiiieinnrincennnn 93
Polyhalite.........coooviiennnnenee.. 81
Pol\mignite............... terreieees 93
Polytelite n. Tetrahedrite............. 67
Porcellophite = Serpentine..... ceeen. 94
Potash alum........... JR P - |
Predazzite........ooovvvviiniinnians. 91
Prehnite ........ J R ceeeee. 85
Prochlorite .......ocvvvereeninnneeeee 90
Proustite. . N 4
Pseudomalachite . ...+ .o vvrnnensrnees 5
Psilomelane...........cccovevinene.. 70
Pucherite........coo0veveenncncecanes 19

MINERALS.
Pumice.......ooiiiieiiiiieiieennaen
Pyrargyrite. ............... ceieaeee ..
Pyrite....ooiiit vt .
Pyrites arsenical _Mmpxc.ﬁel
Capillary = Millerite..... ceeee
Cockscomb = Marcasite........
(;opper ................
——iron........c00.unnn eeees
——— magnetic.....c.couninnn
21« . ceeeene
——whi«e-iron.............. ..... .
| Pyrochlore ..........ceivvveiviinnnns
Pyrochroite. .........
Pyrolusite.............. .... cevsoes .
Pyromeline — Morenosite............ .
Pyromorphite. . .... eeeerens cee eeeen
Pyrope = Garnet...........ce0vvennnn
Pyrophyllite. ......... Ceiteienianne .
Pyrosclenbe.........................
Pyrosmalite............... cereeaes coe
Pyrostibite = Kermes:be ..........
Pyroxene..........cevunnen [N
Pyrrhotite...... ereceeteccsiecsnccane
Quartz. .....ccoiviiiienceinanioanaas
Quicksilver, native ............
Quicksilverfahlerz = Spaniolite........
Rabdionite......cccoveearannes ....09,
Raimondite.....oovviveivnncenncnnnns
Ralstonite . . ... ceessiecans
Rammelsbergite..........ceeveenaan..
Raphanosmite=Zorgite..............
Realgar ......... ceosass tesescnnsesna
Redondite........coovennnn. tecceacne
Red antimony = Kermesite. . . . . ceeeee
Red copper ore = Cuprite..... ceeeeee

Red iron ore = Hematite ........

Red silver ore == Pyrargyrite, Pronstlte
Red zinc ore = Zincite........ce0n...
Retinalite = Serpentine .............
Rhodochrosite

Rhodonite.......cooveiiiiiienaann Y

Richterite — Pyroxene...............

Rionite. .....c.vvt tiiieiirinnennane

Ripidolite. . eereeieaes

Rock-cry stnl Quartz ..

Romerite. .....vuevn.n..

Ropperite . .... ....ccoieuen

Rittisite = Genthlte ceeees tesscascsee

Rubellite.............. cvese secsecas

Ruby copper = Cupnte ........... .o
silver = Proustite.......o......

zinc = zincite.....
Ruby = Corundum....

DI T

Rutile.....ovivniieniieieieaneeennnns
Sal-ammoniac. .. ..coeieiriiitnteannnn
Salt......... eeeeens Ceeereeteseesnan
Samarskite. ......ciiiiiiieiiiiiiian.
Samoite.........  eeescteseteacinen
Sapphire = Corundum...........c.....
Sarcopside......eoiieieririieniiiian.

Sartorite . .
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Bamsolite ........oocevvncinennnnan.. 82

Saynite = Griinaunite................. 08
Scapolite = Wernerite. ....... ceeeen. . 8
Scheelite .. ............ teeeeea-...87, 05
Schillerspar = q-erpent.mo Ceerenenes . M4
Schorlomite. ... .... FS R «
8chritterite ., ,....... teeteees coes 90
8chwatzite = Spamollte [ | 1¢
Scoleclte................... ......... 83
84

k(]

79

72

93

94

94

.. 02
ideroschisolite = Cronstedite. ........ 77

Siegenite = Linnaeite ................ 08
Sillimanite = Fibrlite................ 90

Silver....coeiviiiiiinnn. ceeeiieeie.. 64
bnttle—Sbephumte [ L4
——-darkred........... B
glance..........coiiiiiniiiints 67
— —— horn = Cerargyrite...... R . 72
lightred............. hereeeeaa. T2
tct.mhedrite............. ...... 67
Stmonyite................. R L\
Sismondine = Chlontmd ............. .9
Sisserrkite == Iridosmine........ [P |
Skutterudite.. ... .e G4
Smaltite.......... eeeeieiteeteana . G4
Smithsonite ........ 01
Koda nitre......... &0
KRoldalite. ..... e e eeeenaee P
Sordawalite ........... F R <
Spaniolite ..... G
Spathic-iron = Siderite .. . 76

Specular iron........ ..., .
Speisskobalt = Smaltite.............. 6
Bpessartite .. .coovverieneieciineneaen. 87

MINERALS.
Struvite..... ..ce0..... [
Stylotypite.....coeereeiiiiieiieannnn
Sulphur. ... .oiiiiiiiie i e .
Susannite, ...... RPN
Sussexite.......co00n.. ceeeees
Svanbergite...... [ seseecsecreses
Svl\ambe Ceeaecseenanans [ .
S)lvm“ Ceeeiete sesserisecitians
Szaibelyite ...... sessesencasasaas
Tachylite.....c.cocvenennnnn eeeeanes
Tagilite. .....ovvevinnennnnnn.
Tale. i iieiieiiiiiieieiiiieieananans
Tnllmglte ....................
Tannenite = I}mpleclte secsvsensneens
Tantalite. ................ ceseseseses
Tavistockite.... ... e
Telluriom...........cooieae.. cereen
Tellurium folinted. ............ ceeeeen
graphic.......... ecesensses
Tennantite.... ............... v
Tenorite = Melaconite. .. ..
Texasite = Zaratite......... tesssenas
Tephrotte. . ... eeeeaieee
Tetradymite............ e iieeaene
Tetrahedrite.......... F N ceee
Thenardite. . .... ceeeee PR I
Thermonatrite, . ....... eetesesrasates
hermophyllite........... e
Thom«enohte. . . ... sessnn PN ceeaee .
Thomsonite. ............ ceees e e
Thotite. .o iiiit i iiiieieiernnns cese
Thraulite = Gillingite...............
Tiemannite.....ooveerienineninnneannn
Tin pyrites = Stannite...............
— stone = Cassiterite...... eeeanae .
Tinkal = Borax...... P
Titanic Iron........... Ceheeei e .e
Titanite........ PN i vesenenns
T L Y ... 90,
Torbernite. . c.covvvniiiinnieninens
Tonrmnline... ..... e eaeeaens erees
Tremolite. . PR eeeiaeacan csesen
Tridymite..... ceveees saensens [P
Triphane = Spodumone cessricans
Triphylite............. ceesres aseses
Triplite.. .cooevueniiinnnn.. [ .
Trogerit, couevveenennnnnns
Trolleite. ...vvienenenees cennn
Tronn. ...... Ceeeseneeiaann
Tscheffkinite....ooevveie ceivvnnnnn.
Trchermigite........... eeeeeaeans 82,
Tungstite, ioviveenerenennennnn R
Turgite....... Ceeeene e veeesl70,
Turquois. ..oveiiiiiiei i veienanns
Tyrolite. . .e.ovlvnineeneninn,
Ulexite........ P eeiceisanene
Ullmannite. ... ..........
Uranite = Torbernme. cestcoetanssnns .
Uraninite, . .......... R B
Urauotile, . e e teeeiaea Ceeeee

Sphaerite .......... Ceeeesenseanas .. 89
Sphalerite.......coeenrennnnn. e 92
Sphene.......... ...... ceteeianannns T
Sphenoclase n. “Mellilite. Ceeenaaes veees T
Spinel ...... B, R L
Spodumene................ P
Staffelite.....o.covvein iiveiinan.. 81
KLANNIte. .. vevrnnnannn.n ceeresees. 08
Stassfurthite = BOTACIS. -« .r..ov..v. 82
Staurolite......vcviiieiiiiieniiiea... 96
Bteatite = Talo......ovvviiiinenninnn 04
Rtephanite. .. iseiiieiiiieniiiienennn. 067
Sternbergite.. .. ........... P 1)
Stiblite = Stibiconite......... R (24
Stibiconite........... PP |
Stibnite. . coieiiiiiiet e P )
Stibioferrite............coiviiee oo 76
Stilbite. .. ... e etiaeeniiens cereeees 8D
Stilpnomelane...........cceveeiiians 7
Stolzite. ........... R
Stnmmomton. Smpohte 83
Stromeyerite.............. (O
Strontaanite. ... .oveeeiiean 1

l,'r.'mpecherz = Uraninite..........71,
Uwarowite = Ouvarovite.............
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Valentinite............ Cieseseinniiees 121

Vanadinite.........ccoeveiineieinn.. 74
Vauquelin.ite...... ..... e N
Vermiculite, . . . 8
Vesuvianite. ..... 8‘3
Vitriol blue = Clmlc:mthlte ......
green = Copperas......... {1}
white = Goslarite........ ceeen
V1v1ambe.......... B
Volknerite = Hydrotalclm
Voigtite...ooiveeieiineieiieceenenes
Volborthite.......cco00veeenn.
Volgerite. ..o.ooviveiinneneeennnnenns
Voltaite, ..covvvienrevivnnaeennnnnaes

cecesce

Wad, ... iiiiiiiiieinatinneenneaaones
Wagnerite. ...ooovieieenerecnannenas
Walpurgite.....oooveevevieneneennee.. 82
Warwickit® . ...o.ovvievviecennncnoaane
Wavellite. ...cooovvieienninnnnnnennes
Wernerite....o..ovieeeneneeercioinnns
Westanite. . .ooooevveneeeeneeecnacnns
White Iron-pyrites = Marcasite...... .
White lead.......c.ovviievennnnnnns .. 73
‘White vitriol = Goalarlbe
Whitneyite........cceeevennnnnnn
WillcoXite..oovevenrroniennroniennnas
Willemite.........oooieiann.e.....90,

.

Wxtt:c]nte, Wlttlchem.tt.a. ceaenes
Wohlerite.. cooeveeeeensenonsenananns

MINERALS.

Worthite = Fibrolite.................
Wolchonskoite. . ....
Wolfachite................ eeeiaenes
Wolfram, \Volframtte ....... P 69,
Wollastonite............... Ceieeiaaans
Wulfenite...... «..oviiiireininananan
Xanthoconite. .. ..ooovvureevinrnannnns
Xanthophyllite Seybertlte. ves
Xenotime. . ..cccvvvee secrernencnonann
Xonaltite....... PR veeee o Ceesnenn
Xylotile........... ceree

Yellow copper ore = Chalcopyrite.....
lead ore = Wulenite..........
Yttrotantalite. .....
Yttrocerite.....

cecese sossssccvan

YHETOUEARItE . .+ v o vursesseneennenns
Zaratite., ......ciieiiiiiiiniiiiianns .

Zepharonclnt.e ............. ces
Zincblende == ‘iphalente ..... .
Zincbloom = Hydrozin~ite. . ... Ceeeees
Zinc-spinel. ...
Zinc-vitriol.. .. coevieiiii i veeeean
Zinkenite.......coiiiiininiiinienann
Zippeite......cuoneennnn
Zircon.....c.e0ee
Zoisite........ .
Zorgite. .........ounnn
Zwieselite = Triplite......
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New York, January, 1876.
JOHN WILEY & SON’S

LIST OF PUBLICATIONS,

15 ASTOR PLACE,
Under the Mercantile Library and Trade Swserooms.

M —_————————
ACRICULTURE,

OOWNING. FRUITS AND FRUIT-TREES OF AMERICA; or the
Culture, Propagation, and Management in the Garden and
Orchard, of Fruit-trees generally, with descriptions of al. the
finest varieties of Fruit, Native and Foreign, cultivate in this
country. By A.J. Downing. 8econd revision and conuction,
with large additions. By Chas. Downing. 1 vol. 8vo, over
1100 pages, with several hundred outline engravings, Price,
with Supplement for 1872..........ccevvennne ... $0 00
“ As a work of reference it has no equal in this omuntry, and deserves a place in
the Library of every Pomologist in America."—Narahall £, Wdder.
“ BENCYCLOPEDIA CF FRUITS; or, Fruits and Fruit-
Trees of America. Part 1.—ArrLrs, With an Appendix
centaining many new varieties, and brought down to 1872,
By Chas. Downing. With numerous outline engravings. 8vo,
fullcloth....coiiinniiiiiiiiiiiiiiiennens P $2 50

“ ENCYCLOPEDIA OF FRUITS; or, Fruits and Fruit-
Trees of America. Part 2. —CHERRIES, i RAPES, PEACIIES,
PEARS, &c. With an Appendix containing many new varie-
ties, and brought down to 1872. By Chas. Downing. With

numerous outline engravings. 8vo, full cloth......... $2 50
L] FRUITS AND FRUIT-TREES OF AMERICA. By A.J.
Downing. First revised edition. By Chas. Downing 12mo,
cloth..... eiveee cseavesss ecessescccsss
Ly SELBOTBD FRUITS. From Downing's Fruits and Fruit-

Trees of America. With some new varieties, including their
Culture. Propagation, and Management in the Garden and
Orchard, with a Guide to the selection of Fruits, with refer-
ence to the Time of Ripening. By Chas. Downing. Illas-
trated with upwards of four hundred outlines of Applea,
Cherries, Grapes, Plums, Pears, &o. 1 vol, 12mo....$2 50

bl LOUDON'S GARDENING FOR LADIES, AND COM-
PANION TO THE FLOWER-GARDEN. Second
American from third London edition. Edited by :2 go

Downing. 1 vol., 12mo ..... erecrecnns ceeseensenens
DOWNINC & THEB THEORY OF HORTICULTURB., By J. Lindley.
LINDLEY. With additions by A. J. Downing. 12mo, cloth.......$2 00

OOWNINGC. COOTTAGE RESIDENCBS. A Series of Designs for Rural
Cottages and Cottage Villas, with Garden Grounds. By A.
J. Downing. Containing a revised List of Trees, Shrubas,
and Plants, and the most recent and best selected Fruit, with
some account of the newe: evyle of Gardens. By Henry
Winthrop Sargent and Charles Downing. With many new
designs in Rural Architecture. By George E nmo&
Architect. 1 vol 4to....... P (]



2 JOHN WILEY & SON'S LIST OF PUBLICATIONS,

OOWNINC & + HINTS TO PERSONS ABOUT BUILDING IN THA
WIGHTW CK. COUNTRY. By A. J. Downing. And HINTS 1w
YOUNG ARCHITECTS, calculated to facilitate thew

practical operations. By George Wightwick, Architeu.

Wood engravings. 8vo, cloth...... ceetens oo reee.$2 00

KEMP, LANDSCAPE GARDENING; or, How to Lay Out a G-
den, Intended as a general guide ja choosing, formin,,
or improving an estate (from a quarter of an acre to a hu:
dred acrcs in extent), with reference to both design and ex..
cution. With numsrcus fine wood engravings. By Edwaw

Kemp. 1 vol. 12mo, cloth...... teeesataniaen ceeee.-$2 50

LIEBIC OHEMISTRY IN ITS APPLICATION TO AGRICUL-.
TURB, &c. By Justus Von Liebig. 12mo, cloth....$1 00

“ LETTERS ON MODERN AGRICULTURE. By Baron

Von Liebig. Edited by John Blyth, M.D. With addenda
by a practical Agriculturiet, embracing valuable suggestions
adapted to the wants of American Farmers. 1 vol 12mo,
cloth......... S ceetesneans ..$1 00

g PRINCIPLEHS OF AGRICULTURAL CHBMISTRY, with
special reference to the late rescarches made in England. By
Justus Von Liebig. 1 vol. 12mo......... eeeeess.T5 conts.

PARSONS. HISTORY AND CULTURE OF THE ROSB. By 8. B.
Parsons, 1 v0l. 12m0...ecucerriricencncccncese...$1 25

ARCHITECTURE.

DOWNINC. OOTTAGE RESIDENCES; or, a Series of Designs for Rural
Cottages and Cottage Villas and their Gardens and Grounds,
adapted to North America. By A J. Downing. Containing
a revised List of Trees, Shrubs, Plants, and the most recent
and best selected Fruits. With some account of the newer
style of Gardens, by Henry Wentworth Sargent and Charles
Downing. With many new designs in Rural Architecture by
George E. Harney, Architect............. Cetteesennee $6 00

DOWNINC & HINTS TO PBRSONS ABOUT BUILDING IN THH
WIGHTWICK. COUNTRY. By A. J. Downing. And HINTS TO
YOUNG ARCHITEHOTS, calculated to facilitate their

practical operations. By George Wightwick, Architect.

With many wood-cuts. 8vo, cloth................... $2 00

HATFIELD. THE AMERICAN HOUSE CARPENTER. A Treatise
upon Architecture, Cornices, and Mouldings, Framing, Doors,
Windows, and Stairs; together with the most important
principles of Practical Geometry. New, thoroughly revised.
and improved edition, with about 150 additional pages, and
numerous additional plates. By R. G. Hatfield. 1 '?516

) (' JSP Y D R R PR R

NOTICES OF THE WORK.
“The clearest and most thoroughly practicnl work on the subject.”
“This work is a most excellent ono, very comprehensive, and lucidly arranged.™
“This work commends itself by its practical cxoellence.”

1t is a valuable addition to the library of the architect, and almost indispensable
to every scientific master-mechanic."—K. R. Journal,

HOLLY CARPENTERS’ AND JOINBRS' HAND-BOOK, contain-
ing a Treatise on Framing, Roofs, etc., and useful Rules and

Tables. By H. W. Holly. 1 vol. 18mo, cloth........ $0 75

“ THE ART OF SAW-FILING SOIENTIFICALLY

TREATED AND BEXPLAINED. With Directions for
putting in order all kinds of S8aws. By H. W. Holly. 18mo,
clo

PR Y X 7

RUSKIN SEVEN LAMPS OF ARCHITECTURE. 1 vol 12m
Cloth, PIOteR.. .. veeveenrnrnenrncnsecnssensacncece .l
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MITCHELL.

NORTON.

BACSTER.

JOHN WILEY & SON’S LIST OF PUBLICATIONS, 3

LHCTURES ON ARCHITECTURE AND PAINTING
1 vol. 12mo, cloth, plates...... I 1 ]

LEHOTURE BEFORE SOCIETY OF ARCHITECTS. 0 18

A TREATISE ON THH RESISTANCE OF MA.
TERIALS, and an Appendix on the Preservation of Timber
By De Volson Wood, Prof. of Engineering, University of
Michigan. 2d edition, thoroughly revised. 8vo, cloth.$2 50

This work is used as a Text-Book in Iowa University, Iowa Agricultural College,
TUinois Industrial University, Shefficld Scientitio School, New Haven, Cooper
lnetitate, New York, Polytechnic College, Brovklyn, University of Michigan.
and other Institutiona.

A TREATISE ON BRIDGES. Designed as a Text-book and
for Practical Use. By De Volson Wood. 1 vol. 8vo, nu
merous illustrations, .. ........ itetesessecanas o083 00

ASSAYING—ASTRONOMY.

A TREATISE ON THE ASSAYING OF LEAD, SIL
COPPER, GOLD, AND MERCURY. By Bodemann
and Kerl. Tmnslated by W. A. Goodyear. fv
aloth....covvvvinennnn Ceeeecetiiettiattacssinines

A MANUAL OF PRAO'I'IOAL ABSAYING. By Jolm
Mitchell. Third edition, edited by William Crookes. 1 vol.
thick 8vo, cloth.....ce.0vviiiien.. Ceeieeeenaeennn $10 00

A TREATISE ON ASTRONOMY, SPHERICAL AND
PHYSICAL, with Astronomical Problems and Solar, L
and other Astronomical Tables for the use, of Colleges Ami
Scientific Schools. By William A. Norton. Fourth edition,
revised, remodelled, and enlarged. Numerous plates. 8v d

O . .eevnccneacenese cecsens [ -

BIBLES, &c.

THEH COMMENTARY WHOLLY BIBLICAL. Contenta:
—The Commentary : an Exposition of the Old and New Tes-
taments in the very words of Scripture. 2204 pp. II. An
outline of the Geography and History of the Nations men-
tioned in Scripture. III. Tables of Measures, Weights, and
Coina.  IV. An Rtinerary of the Children of Isruel from
Egypt to the Promised Land. V. A Chronological compara-
tive Table of the Kings and Prophets of Isracl and Judah.
VI. A Chart of the World's History from Adam to the Third
Century, A. D. VIL A complete Series of Illustrative Maps.
1X. A Chronological Arrangement of the Old and New Tes-
taments. X. An Index to Doctrines and Subjects, with
numerous Sclected Passages, quoted in full. XI. An Index
to the Names of Persons mentioned in Scripture. XII. An
Index to the Names of Places found in Scripture. XIII,
The Names, Titles, and Characters of Jesus Christ our Lord,
as revealed in the Scriptures, methodically arranged

2 volumes 4to, cloth............cooveinnnn veeeea...$19 50
2 volumes 4to half morocco, gilt edges ...... . . 206 00
2 volumes 4to, morocco, gilt cdges. . I S L
8 volumes 4t0, ClOth. . .. .vvvunr.nvnennes secesseess 2000
8 volumes 4to, half moroce:, gilt o«lgea ceeesesscese 8300
8 volumes 4t», morocco, gilt edges .............. ... 40 00

- BLANK-PACED THE HOLY SCRIPTURES OF THH OLD AND NEW

BIBLE. TESTAMENTS; with copious references to parallel and

illustrative passages, and the alternate pages ruled for MS.

notes.

TLis edition of the Scriptures contains the Anthorised Versien, {llustrated by tiw
refercnces of ** Bagnter's Polgglot Bible,” and eariched socurate maps
useful tables, and un Index of Subjocta

1 vol. 8vo, morocco extra.. ........................89 50
1 vol 8v0, full MOrOCOO. . .sceesesssssonssassecssssesll 00



4 JOHX WILEY & SOX’S LIST O PTBLICATIONS.

THE TREASURY Containing the suthorized English version of the Holy Scariptares.
BIBLE. interleaved with a Treasury of more than 5'.0!(?(!!) Paralld
Passages from Canne. Brown, Blayney, Scott, and othem

With numeroas illustrative notes.
1 vol, half bound......c......... cerceecnccnceese..§7 50
1 YOL, MOTOCCO. . ccoeverreccesacasaacacanscansaaess 10 I8

COMMON PRAYER, 48mo Size.

(Done tn Lordon expressly for us.)
COMMON No. L. Gilt and red edges, imitation morooco. .. .. cee..-$0 63§
PRAYER. No. 2. Giit and red edges, rims. . ....... tessesee ceee.. 874
No. 3. Gilt and red edges, best morocco and calf....... 1 25
No. 4 Gilt and red edges, best morocco and calf. rims.. 1 50
BOOK-KEEPING.
JONES. BOOKKEEPING AND ACCOUNTANTSHIP. Flementary

and Practical. In two parts, with a Key for Teachers. By
Thomas Jones, Accountant and Teacher. 1 volumeszsv;d

coth. ... i iiiiiiiiieiiiiieiietececceocsncacnens
“ BOOKKEEPING AND ACCOUNTANTSHIP. School Edi-
tion. By Thomas Jones. 1 vol. 8vo, balf roan.......$1 50
“ BOOKKEEPING AND ACCOUNTANTSHIP. Set of
Blanks. In 6 parts. By Thomas Jones..............$1 50
“ BOOKKEEPING AND ACCOUNTANTSHIP. Double

Entry; Results obtained from Single Entry; Equation of
Payments, etc. By Thomas Jones. 1 vol. thin 8vo...$0 73

CHEMISTRY.

CRAFTS. A SHORT COURSE IN QUALITATIVE ANALYSIS
with the new notation. By Prof. J. M. Crafts. Seoon({
edition. 1 vol 12mo, cloth...... tecececanans voceess $1 50

JOHNSON'S A MANUAL OF QUALITATIVE CHEMICAL ANALY.
FRESENIUS, S8IS. By C. R. Fresenius. Edited by S. W. Johnson, Pro-
fessor in Sheffield Scientific School, Yale College. With

Chemical Notation and Nomenclature, old and new. 1 vol

8vo, cloth. ...... teeescasccsiecccsccasnccacssannann $4 50

“ A SYSTEM OF INSTRUCTION IN QUANTITATIVE
CHEMICAL ANALYSIS. By C. R. Fresenius. From
latest editions, edited, with additions, by Prof. S. W. John-
son. With Chemical Notation and Nomenclature, old and
new....... cesosensss veer senns cecesterocncene .....$6 00

KIRKWOOD COOLLECTION OF REPORTS (CONDENSED) AND
OPINIONS OF CHEMISTS IN REGARD TO THEH
USE OF LEAD PIPE FOR SHRVICH PIPE, in the
Distribution of Water for the Supply of Cities. By Jas. P.

Kirkwood. 8vo, cloth........ ceecesinens e eeee..$1 50

MILLER. ELEMENTS OF CHEMISTRY, THEORETICAL AND
PRACTICAL. By Wm. Allen Miller. 38 vols. 8vo..$18 0¢

“ Part . —CHEMICAL PHYSICS. 1 vol 8vo...........$4 00

“ Part II. —-INORGANIC CHEMISTRY. 1 vol. 8vo..... 6 o¢

- Part III.—ORGANIO CHEMISTRY. 1 vol. 8vo.......10 00

Dy, Miller's Chemirtry is a work of which the author has every reason to feel
prond. It is now by far the largest and most accurately written Treatise ot
Chemistry in the English language,” etc.—Dublin Med. Journal,
“ MAGNETISM AND ELECTRICITY. By Wm. Allen Millex
1 VOL BV0..ceeeuennscecescnscssasscoccescesecess . §3 50
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By Geo. B. Cherver, DD, 8 vid Vo, oloth, .., 41 (N
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JOHN WILEY & SON’S LIST OF PUBLICATIONS.

FREB TOWN LIBRARIES. The Formation, Managerent
and History in Britain, France, Germany, and America.
Together with brief notices of book-collectors, and of tbe
respective places of deposit of their surviving collections.
By Edward Edwards. 1 vol. thick 8vo..... eeeienenn $4 00

THE PENTATEUCH VINDICATED FROM THE AS.
PERSIONS OF BISHOP COLENSO. By Wm. Heunry
Green, Prof. Theological Seminary, Princeton, N. J. 1 vol.
12mo, cloth........... ceesrsancene Cereesenetaeanins $1 25

PHRENO-MNEMOTECHNY; or, The Art of Memory.
The series of Lectures explanatory of the principles of the
system. By Francis Fauvel-Gouraud. 1 vol 8vo, cloth, $2 00

PHRENO-MNEMOTECHNIC DICTIONARY. Being a
Philosophical Classification of all the Homophonic Words of
the English Language. To be used in the application of the
Phreno-Mnemotechnic Principles. By Francis Fauvel-Gou-
raud. 1 vol 8vo, cloth......civiiinnrnieecnceeee..$2 00

LEILA ADA. 12mo, cloth.......ccc00eeeececesess o 100
LEILA ADA'S RELATIVES. 12mo, cloth........... 1 00

CATALOGUE OF AMERICAN BOOKS. The American
Catalogue of Books, from January, 1861, to January, 1866.
Compiled by James Kelly. 1 vol. 8vo, net cash.......$5 00

OATALOGUE OF AMERICAN BOOKS. The American
Catalogue of Books from January, 1866, to January, 1871,
Compiled by James Kelly, 1 vol. 8vo, net........... $7 50

COLLECTION OF GENUINE SCOTTISH MELODIES.
For the Piano-Forte or Harmonium, in keys suitable for the
voice. Harmonized by C. H. Morine. Edited by Geo. Alex-
ander. 1 vol 4to, halfcalf.........ooivviiiinnnns $10 00

A COMPARATIVE GRAMMAR OF THH FRENCH,
ITALIAN, SPANISH, AND PORTUGUESE LAN-
GUAGES. By Edwin A. Notley. 1 vol, cloth,.....$5 00

QUADRATURE OF THE OIROCLE. Containing demon-

strations of the errors of Geometers in finding the Approxi-
mations in Use; and including Lectures on Polar Magnetism
and Non-Existence of Projectile Forces in Nature. By

John A. Parker. 1 vol. 8vo, cloth........... veeee..$2 50
A POCKET BIBLE. Illustrated. 12mo, cloth........$1 00
PROVERBIAL PHILOSOPHY. 12mo......... eeeee. 100

THEB COMPLEHTE ANGLER; or, The Contemplative Man’s

N. Recreation, by Isaac Walton, and Instructions how to Angle

for a Trout or Grayling in a Clear Stream, by Charles
Cotton, with copious notes, for the most part original. A
bibliographical preface, giving an account of fishing ard
Fishing Books, from the earliest antiquity to the time of
Walton, and a notice of Cotton and his writings, by Rev.
Dr. Bethune. To which is added an appendix, including
the most complete catalogue of books in angling ever printed,
&ec. Also a general index to the whole work, 1 vol. lém&)
ol
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NOTES ON POLYTECHNIC OR SCIENTIFIO SCHOOLS
IN THE UNITED STATES. Their Nature, Poeit.ion6
Aims, and Wants. By 8. Edward Warren. Paper....$0 4

THE MIDDLE KINGDOM. A Survey of the Geography,
Government, Education, Social Life, Arts, Religion, &o., of
the Chinese Empire and its Inhabitants, With a new map of
the Empire. By 8. Wells Williams, Fourth edition, in
8'01..-onoooaoao'o-oclooooo-o..o‘o.oco..‘onooo.'t'“ W



JOHN WILEY & BON’'S LIST O PUBLICATIONS. 13

RUSKIN'S WORKS.,
Un{form in sise and style,
RUSKIN MODERN PAINTERS. § vols. tinted paper, bevelled t-oarda
plates, in box. ........ cereeeienainaans vreeenn..$18 00
“ MODERN PAINTERS. § vols. half calf..... cevenss 2700
“ “ ¢ without plates....... 12 00
“ ot [ [ (3 hm o‘lr, % w
Vol 1.—Part 1. General Principles. Part 2. Truth.
Vol 2.—Part 3. Of Ideas of Beauty.
Vol 8.—Part 4. Of Many Things.
Vol 4. —Part 5. Of Mountain Beauty.
Vol 5.—Part 6. Leaf Beauty. Part 7. Of Cloud Beauty. Part
8. Ideas of Relation of Invention, Formal. Part 9. Ideas of
Relation of Invention, Spiritual.
Lod STONES OF VENIOB. 38 vols.,, on tinted paper, bovelled
boards, in boX.......ciiiteiiiiiiieieteiinenns iee..$7 00
d STONES OF VENIOCB. 3 vols, on tinted paper, half
calf....... et eeeeteterranetaat e anns cere.$12 00
“ STONES OF VENICE. 8 vols.,, cloth.........ccc00ee 7 00
Vol. 1.—The Foundations.
Vol. 2.—The Sea Stories.
Vol. 3.—The Fall.
Lo SEVEN LAMPS OF ARCHITECTURE. With illustrations,
drawn and etched by the authors. 1 vol 12mo, cloth, $1 75
L LECTURES ON ARCHITECTURE AND PAINTING.
With illustrations drawn by the author. 1 vol 12mo,
cloth........... ceeecescessenarssranentrsecssrrnons $1 50
“ THH TWO PATHS. Being Lectures on Art. and its Appli-
cation to Decoration and Manufacture. With plates an
cuts. 1 vol 12mo, cloth...... Crecraarcene carveeces $1 25
L THE BLEMENTS OF DRAWING. In Three Letters to
Beginners. With illustrations drawn by the author. 1 vol
12mo, cloth.. . .oovneiiiiiiiiniienenanens PN $1 00
- THEH ELEMENTS OF PERSPEBOTIVE. Arranged for the
use of Schools. 1 vol. 12mo, cloth.,...ce..vuven..... $1 00
“ THE POLITICAL BCONOMY OF ART. 1 volL 12m
L R 3t

“ PRE-RAPHAELITISM.
NOTBS ON THH CONSTRUCTION OF | , vol. 12mo,

SHEBPFOLDS. cloth, $1 00
KING OF THE GOLDEN RIVEBR; or, The
Black Brothers. A Legend of Stiria.
RUSKIN SBSAME AND LILIBS. Three Lectures on Booka. Women,
&c. 1. Of Kings' Treasuries. 2. Of Qucens’ Gardens. 8.
Of the Mystery of Life. 1 vol. 12mo, cloth.......... $1 50

“ AN INQUIRY INTO SOME OF THE OCONDITIONS AT
PRESENT AFFECTING “THH STUDY OF AR-
CHITHCTURE” IN OUR SCHOOLS. 1 vol. 1¢mo,
paper...... teecceesacetenniinne R secssseses e . $0 18

- THE ETHICS OF THEB DUST. Ten Lectures to Little
Housewives, on the Elemcnts of Crystallization. 1 vol
12mo, aloth. ... iveeneiecinniiinninnnns teemsnee cen $1 25

- UUNTO THIS LAST.® Four Fraays on the First Principles of
Political Economy. 1 vol. 12mo, cloth.. ...... vees.$1 00

3
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THE OROWN OF WILD OLIVE. Three Lectures on W
Traffic, and War. 1 vol. 12mo. cloth.......... R 3§
TIME AND TIDE BY WEARE AND TYNE. Twenty-

five Letters to a Wotking'man on the Laws of Work, 1 vol.

12mo, cloth...o. teveeeecvenncsnoocencaronns PP $1 00
THE QUEEN OF TBE AIR. Bemg a Study of the Greek
Myths of Cloud and Storm. 1 vol. 12mo, cloth ......$1 00
LECTURES ON ART. 1 vol 12mo, cloth............ 100

FORS OLAVIGERA. Letters tothe Workmen and Labourem
of Great Britain. Part 1. 1 vol. 12mo, cloth, plates, §1 00
FORS CLAVIGEBRA. Letters to thec Workmen and Labourers
of Great Britain. Part 2. 1 vol. 12mo, cloth, plates, $1 00
MUNERA PULVERIS. Six Essays on the Elements of
Political Economy. 1 vol. 12mo, cloth,.............. &1 00
ARATRA PENTELICL Six Lectures on the Elcments of
Sculpture, given before the University of Oxtord. By John

Ruskin. 12mo, cloth, $1 50, or with plates. .......$3 00
THE EAGLE’S NEST. Ten Lectures on the relaticn of
Natural Science to Art. 1 vol. 12mo..... ceeeeen.o.$1 50

THE POETRY OF ARCHITECTURE: Villa and Cottage.
With numerous plates. By Kata Phusin. 1 vol. 12mo,
COBRL .« eeenennieneans cern aneaenennes senenannns $1 50

Kata Phusin is the supposed Nom de Plume of John Rusrkin.

FORS OLAVIGERA. Letters to the Workmen and Laborers

of great Britain. Part 3. 1 vol. 12mo, cloth........ $1 50
LOVES MEINHE. Lectures on Greek and English Birds. By
John Ruskin. Plates, cloth......... cveenn [P $0 75

ARIADNE FLORENTINA. Lectures on Wood and Metal
Engraving. By John Ruskin. Cloth.....c........$1 00

BEAUTIFUL PRESENTATION VOLUMES.

Printed on tinted raper, and elegantly bowi (n crape cloth extra, bevelled boards, gilt head.

RUSKIN,

[

(1)

(2]

THE TRUE AND THE BEAUTIFUL IN NATURBE,
ART, MORALS, AND RELIGION. Selected from the
Works of John Im«km, A.M. With a notice of the author by
Mrs. L. C. Tuthiul Portrait. 1 vol 12mo, cloth, pl
$2.00; cloth extra, gilthead........ ...cooivunn.... m&

ART COULTURBE. Consisting of the Lawsof Artselected from
the Works of John Ruskin, and compiled by Rev. W. H
Platt. A beautiful volume, with many illustrations. 1 vol.
12mo, cloth, extra gilt head............. ceeeeieanes $3 00

Do. Do. 8chool edition. 1 volL 12mo, plates, cloth..$2 50

PRECIOUS THOUGHTS: Moral and Religious. Gathered
from the Works of Jobn Ruskin, A.M. By Mrs. L. C.
Tuthill. 1 vol. 12mo, cloth, plmn, $1.50. Extra cloth
-1 138 T-X-1 I A =] 06

BBLEOTIONS FROM THE WRITINGS Ol"' JOHN
RUSKIN. 1 vol. 12mo, cloth, plain, $2.00. Extra c\ot.h.

gilt head. ..... Creaeititacenrannias cesecvesssarsse $2 50
SESAME AND LILIES. 1 val. 12mo...eeiecncnc....$1 75
BTHICS OF THE DUST. 12mo0.....ce00 ccccecesses 170
OROWN OF WILD OLIVE. 12m0....c0000cc0000es. 1 50

RUSKIN'S BEAUTIES.
THE TRUE AND BEAUTIFUL
PRECIOUS THOUGHTS. 8 vola, in box, cloth extra,

gilt head. ....... ..$6 00
CHOICE SELECTIONS. do, balf calf...10 00
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RUSKIN’S POPULAR VOLUMES.
CROWN OF WILD OLIVE. SESAME AND LILIES
QUEEN OF THE AIR. ETHICS OF 1HE DUST.
4 vola. in box, cloth extra, gilt head.....cceevenee...$6 00

RUSKIN’S WORKS.
Rewisod edstion,

RUSKIN Vol 1.—SESAMBE AND LILIES. Three Loctures. By Joha
Ruskin, LL.D. 1. Of King's Treasuriea 2 Of Queens

Gardens. 3. Of the Mystery of Life. 1 vol. 8vo, cloth

$2.00. Large paper..... ...8\35‘

“ Vol 2.—_MUNERA PULVERIS. Six Essays on the Elements

of Political Eoonomy. By John Ruskin. 1 volume Svo,

cloth. .......... cessacan eeenee ceeceeeenn PN 3 o¢

Large paper........... reestietctanttntantaanana )}

g Vol. 3.—ARATRA PEHNTELICL Six Lectures on the Fle
ments of Sculpture, given before the University of O\for.

By John Ruskin, 1vol. 8v0.....c.eciceienannne. . $4 W

LAIge Paper......cccciveectcecnecsscsassnscensaces & 90

RUSKIN—COMPLETE WORKS.
Lur CoMmrrLerE WORKS OF JouN RUSKIN. 23 volx, extra cloth, in a box..$40 00

Ditto 28 vola,, extra cloth, 2’%ikes... 48 00

Ditto Bound in 17 vols,, half calf, do.... 70 00
SHIP-BUILDING, &c.

BOURNE. A TRBATISFI ON THE SCREW PROPELLER, SCREW

VESSBELS, AND SCREW ENGINES, as adapted for
Purposes of Peace and War. Illustrated by numerous wood-
cats and engravings. By John Bourne, New edition. 1867,
1 vol. 4to, cloth, $18.00; half russia...... I X

WATTS. RANKINE (W.J. M.) AND OTHERS. Ship-Building, Theo-
retical and Practical, consisting of the Hydraulica of S8hip-
Building, or Buoyancy, Stability, Speed and Design—The
Geometry of Ship-Building, or Modeclling, Drawing. aund
Laying Off—Strength of Materials as applied to Ship-Building
—Practical Ship-Building —Maats, Sails, and Rigying - Marine
Steam Engineering—Ship-Building for Purposes of War. 8
Isaac Watts, C.B., W. J. M. Rankine. C.B., Frederick Ie
Barnes, James Robert Napier, eto. lllustrated with numerous
fine engravings and woodcuts. Compiete in 30 numbers,
boards, $35.00; 1 vol. folio, cloth, §37.30; half russia, $40 00

WILSON (T. D.) SHIP-BUILDING, THEORETICAL AND PRACTICAL.
In Five Divisions. —Division I. Naval Architecture. 11, Lay-
ing Down and Taking off 8hips, III. Ship-Building 1V,
Masts and Spar Making. V. Voeabulary of Terma nsed —
intended as a Text-Book and for Practical Use in Public and
Private Ship-Yards. By Theo. I. Wilsou, Assistant Naval
Constructor, U. 8. Navy; Instructor of Nuval Construction,
U. 8. Naval Academy; Member of {be Inntitution of Naval
Architects, England. With numerous plates, lithogruphio

and wood. 1 vol. 8vo. cesessscisscese .o $7 00
SOAP.
MORFIT. A PRACTICAL TREATISE ON THE MANUFAOCTURE

OF B8OAPS8. With numerous wood-outa and elabornte worke
ing drawings. By Campbell Morfit, M.D., F.C.8. 1 vol
17 Y, P .11 1 1]

STEAM ENGINE,

TROWBRIDCE, TABLES, WITH BEXPLANATIONS, OF THE NON.
OONDENSING STATIONEBRY STEHAM ENGINN,
and of High-Pressure Steam Boilers. By Prof. W. P. Trow
bridge, of Yale College Bcientific Bchool 1 vol. 4to.
plates........ teeesesessensscesscccssscs seanscacs . $2 00

L] HEAT AS A SOURCEB OF POWBR: with applications of
general principles to the construction of Steam Generators.
An introduction to the study of Heat Enginea B&Y’ P.
Trowbridge, Prof. Shetfield Sclentific 8chool, Yale College.
Profusely illustrated. 1 vol. 8ve °** reee o ae
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TURNING, &c.

THE LATHE, AND ITS USES, ETC. On Instructions in the Art of Tammg
Wood and Metal. Including a description of the most modern
appliances for the ornamentation of plane and curved surfaces.
With a description, also, of an entirely novel form of Lathe
for Eccentric and Rose Engine Turning, a Lathe and
Machine combined, and other valuable matter relating to the
Art. 1 vol 8vo, copiously illustrated, cloth..........$7 00

“ SUPPLEMENT AND INDEX TO SAMBE. Paper...$0 90
VENTILATION.

LEEDS (L. W.). A TREATISE ON VENTILATION. Comprising Seven Lec-
tures delivered before the Franklin Institute, showing the
great want of improved methods of Ventilation in our build-
ings, giving the chemical and physiological process of res-
piration, comparing the effects of the various methods of
heating and lighting upon the ventilation, &c. Illustrated
by many plans of all classes of public and private buildings,
showing their present defects, and the best means of im-
proving them. By Lewis W. Leeds. 1 vol. 8vo, with nu-
merous wood-cuts and colored plates. " Cloth......... $2 60

41t ought to be in the hands of every family in the country."— Technologist.

¢ Nothing could be clearer than the author's exposition of the princl les of the
principles and practice of both guod and bad ventilation.”— Van odrmd‘t
Engineering Magazine.

% The work is every way worthy of the widest circulation.”—&clent(fic Amerscan,

REID. VENTILATION IN AMERICAN DWBLLINGS. Witha
series of diagrams presenting examples in different classes
of habitations. By David Boswell Reid, M.D. To which is
added an introductory outline of the progress of improvement
in ventilation. By Elisha Harris, M.D. 1 vol. 12mo, $1 50

WEIGHTS, MEASURES, AND COINS.

TABLES OF WEIGHTS, MEASURES, COINS, &oc., OF
THE UNITED STATES AND ENGLAND, with t.hexr
Equivalents in the French Decimal System. Arranged by
T. Egleston, Professor of Mineralogy, School of Mmaa,
Columbia Collego. 1 vol. 18mo.......ce0enuvnnnn.. $0 75

4 It is a most neeful work for all chemists and others who have occasion to make
the conversions from one system to another.”—American Chemist,

“Eveer mechanic should have these tables at hand."—American Horologtcal
vurnal,

J. W. & SON are Agents for and keep in stock
SAMUEL BAGSTER & SONS' PUBLIOATIONS,
LONDON TRACT SOCIETY PUBLIOCATIONS,
COLLINS' BSONS & CO.’S BIBLHS,
MURRAY'S TRAVELLER'S GUIDES,
WEALE’S SCIENTIFIOC SERIBG

Full Cataiogues gratis on application,

J. W. & SON import to order, fot tho TRADE AND PUBLIOC,

BOOKS, PERIODICALS, &oc.,

FROM

ENCLAND, FRANCE, AND GCERMANY.

*.* JOHN WILEY & SON'S Complete Classified Catalogue of the most valu-
able and latest scientific publications, 114 pages, 8vo, mailed to order on the
receipt of 10 cta.


































